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This report is a joint project of the U.S. Department of Agriculture, the 
State Land Grant Universities, and the U.S. Environmental Protection Agency. 
It was recently prepared by a team of scientists from these organizations in 
order to provide sound, current, scientific information on the benefits of, 
and exposure to, EPN. 


The report is a scientific presentation to be used in connection with other 
data as a portion of the total body of knowledge in a final benefit/risk 
assessment under the Rebuttable Presumption Against Registration Process in 
connection with the Federal Insecticide, Fungicide, and Rodenticide Act. 
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V. Abstract 


EPN is an effective insecticide used to control insect pests on 
cotton, soybeans, corn, vegetables, pecans and peaches, Although in 
most cases EPN is efficacious and cost competitive, its most extensive 
present use is on cotton in the delta region of the U.S. When EPN is 
used with methyl parathion, it is the most cost effective insecticide 
for treatment of Heliothis spp., bollworm and tobacco budworm. 

Arkansas and Mississippi annually treat a portion of their soy- 
bean acres with EPN + methyl parathion to control soybean insects. 

EPN is not used on soybeans in the north central states since pest 
problems are much less frequent and alternative insecticides are avail- 
able on the farm or readily available from local dealers. 

EPN is very limited in its use on corn and vegetable crops be- 
cause other insecticides are more generally available and are equally 
or more effective. EPN is currently not being used by mosquito abate- 
ment personnel in their control programs. Because several mosquito 
species have developed resistance to certain insecticides, having an 
effective alternative insecticide such as EPN available for use if 
needed would be desirable. 

EPN has limited use on pecans although it is registered to control 


most of the major insect pests attacking this crop. 
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INTRODUCTION 
A. Purpose of Report 


B. 


The purpose of this report is to indicate the benefits 
of the registered uses of the organophosphorus insecticide 
EPN. EPN is registered for control of a variety of insects 
which attack cotton, corn, soybeans, sugarbeets, various nut, 
fruit and vegetable crops and as a mosquito larvicide for use 
in non-fish-bearing waters. 

Brief History of Use 

EPN is classed and used as a nonsystemic insecticide- 
acaracide and is available in emulsifiable concentrates, dusts, 
wettable powders, and granular formulations. The standard com- 
mercial formulation is an emulsifiable concentrate alone or in 
combination with another insecticide. Emulsifiable concentra- 
tions of EPN ranges from 9.1% to 55% in these various formula- 
tions. EPN is registered in combination with methyl parathion, 
Guthion, toxaphene, and parathion (47). EPN also has state 
registrations to be used in combination with Sulfur and chlor- 
dimeform. 

Tolerances have been established ranging from 3 ppm down 
to negligible residues of 0.05 ppm. Environmental Protection 
Agency records indicate that 4,126,500 pounds of EPN were used 
in the United States during 1974 (44). Of this total, about 
two pounds were used in industry; 8,000 pounds were used in 
government; and 4,118,500 pounds were used in agriculture. 


Of the agriculture total, 4,500 pounds were used on beans; 
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326,000 pounds on corn; and 3,788,000 pounds on cotton. Be- 
cause of insects' resistance to other insecticides, EPN usage 
was reported to be 6,140,000 pounds in 1976, most of which 
was used on cotton. 
EPN has been produced as an insecticide since 1950 and 
26 registrants produce 72 registered products. In addition, 
six companies formerly held state registrations for ten pro- 
ducts (47). 
Reason for RPAR 
On September 19, 1979, the Environmental Protection Agency 
issued a "Rebuttable Presumption Against Registration and Con- 
tinued Registration of Pesticide Products Containing EPN: (175) 
The Agency's action was based on the following presumptions: 
1. Delayed Neurotoxicity 
40 CFR 162.11(a)(3) (ii) (B) provides that a rebuttable 
presumption shall arise if a pesticide '(p)roduces any 
other chronic or delayed toxic effect in test animals 
at any dosage up to a level, as determined by the Admin- 
istrator, which is substantially higher than that to which 
humans can reasonably be anticipated to be exposed, taking 


" The Agency has 


into account ample margins of safety.... 
concluded that all pesticides containing EPN exceed the 
chronic risk criterion relating to delayed neurotoxicity. 
However, the Environmental Protection Agency indicates 
that when assessing the risk of EPN to human health, the 


lowest tested dosage (0.01 me/kg per day) has not produced 


either histological changes or clinical signs indicative 
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of delayed neurotoxicity in the most sensitive species 

(no observed effect level, or NOEL). But based on the 
exposure estimates discussed in 44 CFR (185) III. A. (175), 
the Agency concludes that the anticipated amount of EPN 

to which pesticide applicators and unprotected bystanders 
may be exposed by the dermal (and, in some instances, 

by the inhalation) route may not provide an ample margin 


of safety. 


Acute Hazard to Wildlife: Aquatic Species 


4O CFR Section 162.11(a)(3)(i)(B)(3) provides that 
a "rebuttable presumption shall arise if a pesticide's 
(use)...(r)esults in a maximum ealeulated concentration 
following direct application to a six inch layer of water 
more than one-half the acute LCcq for aquatic organisms 
representative of the organisms likely to be exposed as 
measured on test animals...." 

EPN is registered for use by mosquito mrerenent dis- 
tricts, public health officials, and other trained per=— 
sonnel of public mosquito control programs as a mosquito 
larvicide. Application rates for EPN as a mosquito larvi- 
cide are 0.05 to 0.1 pound active ingredient/acre using 
ground or aerial equipment. Because both the lower rate 
(0.05 pounds AI/acre) and higher rate (0.1 pound Al/acre) 
will exceed one-half the LCs5g or TL, for all but one of 
the aquatic species tested, the Agency issued a rebuttable 
presumption against all pesticide products containing 


EPN which are registered for direct application to water. 
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VII. 


PROPERTIES OF EPN 


A. 


Physical and Chemical Properties of EPN 


Trade Name: EPN 

Common Name: EPN 

Chemical Name: O-Ethyl-O-p-nitrophenyl phenylphosphonothioate 
Other Chemical Names: ethyl p-nitrophenyl thionobenzene phosphate 


0-Ethyl-0-p-nitrophenyl benzene thiophosphonate 


Structural Formula: 


0-CoH, 


Empirical Formula: C1 gH, NO,PS Molecular Wetent: (323.3 
Color and State: pure-light-yellow, crystalline powder 
technical grade reddish-yellow, oily liquid 

Specific Gravity: 1.2/ at 2040 

Melting Point: 34.5°C 

Solubility: Slightly soluble in water and is miscible with 
benzene, toluene, xylene, acetone, isopropyl 

alcohol and methanol. 

Stability: Hydrolytic half-life is 40.9 hours at a PH of Six 
and temperature of pte + 2°C 

Compatability: Registered in combination with methyl parathion, 

Guthion, toxaphene and parathion. 


Vapor Pressure: 0.03 mmHg at 100°C 


Fate of EPN in the Environment 


Le ey eG 
The fate of EPN in the air, soil, water and plants and 
animals was thoroughly reviewed in the PD-1l (175 )5 50 it) would. 


seem redundant to duplicate a presentation here. 
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Possible Miscellaneous Uses of EPN 


The assessment team was concerned that some important, 
but not well-known uses of EPN, would be overlooked in the 
benefit assessment analysis. For this reason, the USDA National 
Agricultural Pesticide Impact Assessment Program was solicited 
to help the EPN Assessment team locate information on the use 
of EPN in each state. Ina letter dated January 7, 1980 from 
Nancy Ragsdale to each state's Pesticide Impact Assessment 
Program contact person, a request was made for information on 


sites, acreage, quantities used, application techniques, pest 


management programs, etc. The information was to be sent 


to the EPN team leader by January 25, 1980. 
The responses to this request are shown in Tabie-1s “The 
assumption must be made that the states not responding to the 


request have little or no EPN usage. 
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Table 1. Response to Pesticide Impact Assessment Program Survey of EPN Use. 


RESPONSE INDICATED 














DIRECTLY RESPONSE AMOUNT OF EPN USED RESPONSE 
TO APPROP. INDICATED SHOWN BY 
NO EPN TEAM LITTLE OR INCICATED 
STATE RESPONSE MEMBER NO EPN USE ACRES INSECT FOOTNOTE 
NE REGION 
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(cont'd.) 

RESPONDED RESPONSE INDICATED 

DIREGTLY RESPONSE AMOUNT OF EPN USED 

TO APPROP. INDICATED RESPONSE SHOWN 

NO EPN TEAM ULELLEAOR BY INDICATED 
STATE RESPONSE MEMBER NO EPN USE ACRES INSECT FOOTNOTE 
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1 | "The primary use of EPN in New York vegetable production is in the sweet corn 
areas. In fresh market production, EPN is not in widespread usage, but in the 
processing areas, EPN is a regular ingredient in management programs covering 
about 22,400 acres. Upon checking with processors, fieldmen, growers and county 
agents, I find that EPN is efficacious, economical, and would be ereatly missed 
if it were to lose registration. Another standard for insect control, methomyl, 
has recently shown signs of weakness in my insecticide screening trials) and in 
commercial production. If tolerance or resistance should ensue, EPN will be des- 
perately needed in processing sweet corn insect control programs.''--R. W. Straub, 
New York State Agriculture Experiment Station. 


2 | "“EPN is recommended in Ohio for use on tomatoes for the control of mites. The 
recommendations are as follows: EPN (4 1b/gal EC) 1/2 pint/acre and EPN (25% WP) 
1 pound/acre. Ohio has approximately 900 acres of field grown fresh market to- 
matoes and approximately 18,700 acres of tomatoes for processing. However, our 
surveys indicate that if this Chemicaleicusedsat all, it is. used only on a very 
limited basis. 


EPN is being added to the 1980 recommendations for sweet corn to control 
European corn borer. The recommendations will be as follows: 
EPN (2% Granule) 


Al re 
EPN (4% Granule) Jac 
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There was no use for this application in 1979. There were 15,000 acres of 
sweet corn harvested in Ohio during 1979.''--Acie Waldron, Coordinator NCRPIAP 
and Robert L. Curtner, Technical Assistant. 


3 | "In Kansas, we do not have any recent efficacy date concerning EPN. However, 
we currently have EPN included in our field crop insect control recommendations 
for the control of corn rootworm adult beetles. At one time, EPN was recommended 
for control of European corn borer, however, due to lack of information regarding 
its effectiveness, we decided to drop EPN from the recommendations for European 
corn borer control. Our records indicate, however, that EPN continues to be used 
quite commonly in Kansas. The record indicates that 45,526 acres of corn were 
treated with EPN for European corn borer control in 1978 and an additional 1400 
acres were treated for western bean cutworm control on corn. EPN is one of the 
few products registered for second generation European corn borer control. Other 
products include carbaryl as a spray or granules, toxaphene and Furadan granules. 
So far as we know, EPN is the only Federally labeled alternative to carbaryl 

that can be used for second generation European corn borer control on silage corn 
as an aerial spray application. Use of carbaryl is sometimes avoided where pos- 
sible in mite prone areas. 


Concerning economics, EPN currently costs from Slnodaetorco.00 per acre per 
application for the product while the most logical alternative, carbaryl, will 
cost about $3.00 to $4.50 per acre."--Donald C. Cress, Extension Pesticide Co- 
ordinator and H. LeRoy Brooks, Extension Specialist, Insecticides (Pesticidal 
Safety). 
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VIII. BIOLOGICAL AND ECONOMIC INFORMATION BY COMMODITY 


SECTION 1 - COTTON 


A. Major Uses - 98% on cotton 


1. Commodity Information 


a. 


Geographic distribution - Cotton is a major crop 
in the Carolinas, Georgia, Alabama, Tennessee, 
Mississippi, Missouri, Arkansas, Louisiana, Okla- 
homa, Texas, New Mexico, Arizona, and California 
with a trace in three other states (14%). 

Acreage - Production and Value. 1977-9 average (104). 
13,215,300 harvested acres 

497 1b. lint per harvested acre 

13,372,600 bales @ 54.5¢/1b. = $3,667,572,000 
value of lint 

5,195,600 tons seed @ $98.67/ton = $505,299 ,000 
value of seed 

Cultural practices - Cotton is grown as a suring — 
seeded, full season annual crop - planted in rows 
38-40 inches apart, usually on low beds. Soil is 
thoroughly tilled three or more times to give a 
weed-free field with good soil tilth. Fertilizer 
is largely soil incorporated preplant, but there 
is some side-dressing or foliar application of 


nitrogen or boron. Herbicides are used pre-plant 























PETERS YE AO TANGIOGY! SIMOWOOS CMA JADTIOO 
“TTA ~ £ HOTTORS 
; - 
nos3ac to LAE ~ avell zope A 
i@tieerrotul yotbaured .f ; 
cos. ta & @f mpas0 actiudiytelh stdqeiges) bd 
, _ 
sanencsT ead cigr -tantiovad of? ot : 
= 4b 
7 
i) trot pea weet ,loqhesteelm — 
mf ovord Ce * fi fcA ,oalyaM! wor ,Beaxor , aod * 
bi £ - S30 Bored ats 1477 «a fale . 
p se % ee .* is i ISHHHb07 g 221.5 T2A ~o-d 
a beJeoviad OO£ 218 ,€) a 
S730) OOjeevrzed t5q Iall I \?s _ 
oe 
a! , Wa, €2 di\ge 2 aeied 008 StL .£1 
tnt i %o wutav = 
WC PER COLT = nog \TOAME © hase anod 603,201, : 
bese to sulav : 
ty 
“antIG% & a6 owosg €f arated = aaolasexy Lewoalud ib 
an 


‘wc? as betasl| ~ go> (eve nosnge {12 ,hohone 


=) 


Sia © 


& ain 


6 shils137 


Yo ontipoliogs rebfo? cd sutzavtb- ebb 


rebar 


SY wea y 


“of oo vi leuen 


ecw TO Seriy belt 


a —e ian Mant 
=. tae 


7 $04 5 a : 
fanle=eaq been sin nian a8 patio " 


.216¢8 eeflont Us~RF 
sts ¢daworoda 
MOLES Ling bow Atiw Biot? ee bsey _ 


avet) tud . iaadnbsa he tec toon! toa thogeal 
_— 









10 


soil incorporated, surface applied pre-merge, 
directed post-emergence, and lay-by for weed 
control. Cultivation is used for weed control 

in the space between the rows. In arid or semi- 
arid areas, water is supplied by irrigation, either 
furrow or sprinkler. In the rain-belt, supplemental 
irrigation is a fairly common practice. Planting 
seed is usually fungicide-treated. In some cases, 
additional fungicides are applied in the seed fur- 
row or mixed with the seed in the planter hopper- 
box. Some use of insecticides is made in the 

same manner as fungicides. Soil fumigation for 
nematode control is done, but is not a widespread 
Dracence. 

When the crops are essentially mature, a 
defoliant or dessicant may be applied to prepare 
the crop for harvest. All harvesting is mechanical 
utilizing either spindle-type pickers or strippers. 

Pest Information (See pages 34 and 35) 

The key pests are the cotton bollworm, Heliothis 
zea, and the tobacco budworm, H. virescens. Both 
species occur belt-wide, but relative importance 
varies by regions. 

Both species overwinter as diapausing pupae in 
the soil. The first generation is passed on legume 


and weed hosts. Summer generations occur at about 
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monthly intervals. Moths are night-flying, nectar 
feeders. Each species has a broad host range. 

The portion of the population of each species in 
cotton depends upon relative attractiveness and 
availability of the various hosts. Eggs pre usually 
laid on the upper portion of the cotton plant. 
Larvae feed by boring into progressively larger 
squares and then bolls. The second generation 
often coincides with cotton beginning to square. 
Heavy loss of these small squares may cause a small 
delay in maturity, usually compensated for by the 
time of peak fruiting and is considered to be of 
very little or no direct economic importance. 

The third generation occurs at a time when 
cotton is likely to be in a lush growing condition 
with lots of squares and quite a few tender bolls. 
Cotton becomes relatively more attractive than 
other hosts. Square damage rarely exceeds normal 
"physiological or weather-induced" shed and can 
be accepted. However, larger worms attack bolls, 
which is regarded as serious and usually irretriev- 
able. These large worms have a high survival rate 
and are virtually impossible to control with any 
convention insecticide. It, therefore, becomes 
necessary to make an action decision no later than 


when the worms are in the egg or first 2+ larval 
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Stadia. Decisions are based on counts of square 
damage or of insects with weight being given to 
plant condition, weather (including irrigation), 
and populations of predators. 

The fourth generation, mid-August in Arkansas, 
finds cotton still an attractive host in most 
areas. With an increased boll-to-square ratio, 
the threat of damage from a given population is 
much greater. Insecticidal control is even more 
likely to be invoked than for the third generation. 
To further complicate matters, predator popula- 
tions tend to be lower and the Heliothis popula- 
tion tends to shift toward the harder-to-kill 
tobacco budworm. 

Much of the fourth generation may enter dia- 
pause. A fifth generation occurs in the warmer 
areas of the cotton belt with a long growing 
season. If cotton is still lush and squaring 
with warm temperatures and ample moisture from 
rainfall or irrigation, it may continue to be 
heavily infested. In such cases, the decision 
to make insecticide applications is based on the 
probabilities of susceptible bolls maturing into 
open, pickable bolls. This is a function of the 
likelihood of warm weather to mature the bolls 


and the yield potential - if the crop set is at 
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the yield capacity of the field, the protected 

fruit is shed. With rain and moderate fall tempera- 
tures, succulent wild hosts become more competitive 
for the Heliothis population. Soybeans become more 
competitive for the fourth and fifth generations. 

The above discussion with its strict adherence 
to a sequence of generations is over-simplified. 
Broods appear unexpectedly. A simple annual model 
with high predictability is not attainable. Care- 
ful scouting for insects and damage and plant 
monitoring are required throughout the fruiting 
period to serve as a basis for decision-making, 
i.e. IPM, insect pest management. 

Predators and, to a lesser extent, parasites 
may exert excellent biological control of Heliothis 
spp. eggs and small larvae (113, 189). At best, 
the Heliothis population is unlikely to furnish 
adequate food to sustain a population of benefi- 
cial insects. They must be maintained by in-migra- 
tion from other sources or sustained by other 
insect/mite populations at sub-economic levels 
within the field. Regulation of these by man is 
still in a primitive stage, but progress is being 
made. 

Despite its limitations, biological control 


is usually effective on the 2d, late June, genera- 
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tion. This is important in that it usually greatly 
reduces the 3d, July, generation. Predator popu- 
lations usually hold up during July. This is the 
key period in IPM. Assuming a good predator popu- 
lation, a crop that is on a good time schedule 
and with a high square-to-boll ratio, the scout / 
consultant/farmer/decision-maker will usually de- 
cide to ride with a relatively high infestation 
of Heliothis, as shown by field scouting. With 
low predator populations, maybe decimated by prior 
use of insecticides, a late crop or one with a 
low square-to-boll ratio insecticide treatment 
is likely to be invoked at lower infestation levels. 
As usually practiced, IPM consists of getting 
the greatest period of usefulness from biological 
control. Then biological control is sacrificed 
and the season is finished with insecticidal con- 
trol. Refinements of this system are being deve- 
loped and some are in use. All insecticides at 
dosages effective for control of 2d stage Heliothis 
larvae essentially eradicate the exposed popula- 
tions of beneficial insects. 
Without IPM, the producers' options are to 
go on a schedule of insecticide applications at 
first bloom or to do nothing and hope for the best. 


Heliothis spp. are treated here as key pests, 
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as they are over most of the cotton belt. However, 
misuse of pesticides or other factors that interfere 
with biological control are likely to induce or inten- 
sify outbreaks. In some areas, outbreaks are largely 
induced, making Heliothis spp. induced rather than key 
pests. 

Yield reduction to Heliothis spp. in the absence 
of control varies greatly from region to region and 
year to year. 197/ saw severe infestations belt-wide. 
1978 was about average. 1979 was light. In some 
regions, logical explanations are available to explain 
this, but none are applicable belt-wide. Complete 
crop loss may well occur, but no crop loss also occurs. 
Pooling estimates and results of field tests from 
several states gives a yeild reduction in the absence 

_ 
Be outeo leoreu5-50, 110, 58, 80, /1, 83, 130, 132, 
AAS iO 

Other pest species are controlled by EPN alone 
or in mixtures. However, EPN is not the first choice 
if these pests occur in the absence of Heliothis. 
Boll weevil infestations commonly occur concurrently 
with Heliothis outbreaks. The weevil is effectively 
controlled by EPN or, better yet, mixtures of EPN- 
methyl parathion. The most effective alternative 
insecticides as used for Heliothis are not fully et= 


fective on boll weevil and may require supplementing 
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with azinphosmethyl (Guthion) or methyl parathion. 

An estimated 10,363,859 acre applications were made 
for combined control of Heliothis and boll weevil in 
1971, (31) In my jiudement, this figure,can be mis- 
leading. In most cases, Heliothis was the primary 
pest, but some weevils were present at sub-economic 
levels. EPN-methyl parathion, methyl parathion, toxa- 
phene-methyl parathion, Penn-Cap M, and pyrethroids 
controlled weevils under these circumstances. 

Boll weevil populations have been at a low ebb in 
most areas in recent years. However, uncontrolled 
heavy outbreaks have demonstrated many times their 
capability of complete crop destruction. 

The plant bug complex, including the cotton flea- 
hopper, may be present in numbers season-long. Fnto- 
mologists universally agree that heavy infestations 
early in the fruiting season are important. The damage 
from mid-and late-season infestations, when FPN would 
be used in an IPM program, is an area in which ento- 
mologists do not agree. EPN is effective in,.controlling 
this pest complex. It is not first choice for early 
season control, but does a superb job in mid- and late- 
season on plant bugs when it is used for Heliothis con- 
ETOL? 

Spider mites are induced pests of cotton when 
insecticides are used that destroy their natural 


enemies without killing the mites. Carbaryl is a no= 
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torious mite-builder and the synthetic pyrethroids are 
gaining a similar Senet s Cah While EPN is not recom- 
mended for control of heavy established infestations, mite 
outbreaks are not induced by regular use of EPN and EPN 
mixtures. Yields were reduced 45% and lint and seed quality 
adversely affected from a seasonal average infestation of 
10.88 mites sq./in. compared to cotton with a seasonal 
average infestation of 0.91/sq.in. (140). Infestations of 
this magnitude were not uncommon following a heavy schedule 
of chlorinated hydrocarbon insecticides used without a mite 
Suppressant added. 

Pink bollworm is readily controlled by EPN. Several 
other insecticides are effective and more commonly used. 
However, when used for Heliothis control, EPN alone or in 
mixtures does an excellent job on pink bollworm. Pink 
bollworm is a serious problem in the desert valleys of the 
far west, Arizona, and southern California (181).- in eimilar 
producing areas with full season production and without 
cultural-mechanical controls, complete crop loss ordinarily 
occurs from pink bollworm. Use of cultural-mechanical con- 
trols in Arizona and southern California have reduced the 
problem to manageable proportions with heavy use of insec- 


ticides. The problem could be essentially controlled without 





prior to introduction of DDT and other chlorinated 
hydrocarbon insecticides, spider mites were not recognized 
as cotton pests anywhere in the, cottons belt except as_very 
local infestations in Northeastern Arkansas. When the 
chlorinated hydrocarbons came into wide usage, mites became 
a problem belt-wide. Destruction of predatory insects and 
mites was the major cause of this change. Apparently, DDT 
also compounded the problem by causing a behavioral change 
that caused mites to move about and infest the plants more 
completely. 
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insecticides by early crop termination, as practiced in 
the Lower Rio Grande Valley. The consequent yield reduc— 
tions have S° far proven unacceptable to growers - 

Fall armywortt does not diapause- It remains active 
over winter in the extreme southern states. Depending 
weather, biological control, and other factors, northernly 
migrations occur. About one year out of ten, damaging, in- 
festations develop widely in cotton in Arkansas- The fre- 
quency of damaging infestations may be greater Or lesser 
in other cotton-producing areas. Fall armyworm has a broad 
host range with a preference for grasses: On cotton, it is 
more of a jeat-feeder than Heliothis SPP-> but squares and 
bolls are heavily damaged, as much as 50% yield reduction, 
by large infestations. EPN and EPN mixtures give effective 
control. When outbreaks occurs they tend to be concurrent 
with Heliothis outbreaks (8). 

The beet armyworm and the yellow-striped armyworm are 
occasionally destructive pests of cotton, feeding on Fruit 
as well as foliage. Heavy infestations cause damage of 
similar magnitude to that of fall armyworm- Little is 
known about causes of outbreaks other than that they are 
commonly associated with weedy fields. EPN alone or in 


Se Se 


Many organophosphorus insecticides were highly effective 
for mite control. As they replaced the chlorinated hydro- 
carbons because of resistance to the chlorinated hydrocarbons 
first in boll weevil and then in Heliothis, mite control 
became excellent: Mites have 4 great genetic capacity for 
developing resistance to miticides (insecticides) - EPN- 
methyl parathion can no longer be depended on for 2 knock- 
out of established infestations, but its use rarely, ie 

ever, induces mite outbreaks: 
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mixtures gives good control, as do several other insecti- 
cides (8). 

The cotton aphid is normally held in check by para- 
sites and predators. An insecticide application that des- 
troys these beneficial insects permits heavy infestations 
to develop that lead to defoliation and to staining of the 
lint from the sticky honeydew that aphids excrete. This is 
further complicated by growth of black, sooty mold on the 
honeydew. In extreme cases, yield and quality are severely 
reduced. Use of EPN and EPN mixtures for Heliothis effec- 
tively controls the cotton aphid, as do most other insecti- 
cides recommended for Heliothis control. A similar situation 
exists for whiteflies except that in some areas in Louisiana 
and possibly elsewhere, whiteflies are resistant to EPN, 
methyl parathion and most other insecticides except mono- 
crotophos and methadithion. 

Application of EPN-methyl parathion increases cotton 
yields independent of insect control. This is true at least 
in southeastern Arkansas. This yield-increasing effect is 


not a function of making the crop earlier or later (90). 


Establishing and maintaining spider mite infestations 
experimentally under controlled field conditions borders 
on the impossible. Insecticides are classified as mite 
suppressants or mite builders on the basis of a large number 
of field observations following their use in repeated appli- 
cations. 


Miticides are available to clean out established or 
incipient infestations. If insect problems exist concur- 
rently, monocrotophos (Azodrin) or methadithion (Supracide) 
are favored because they are also broad spectrum insecti- 
cides. 
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Use of Pesticide in Producing Commodity 

Some EPN, mostly as a 1:1 ratio with methyl parathion, 
has been uSed on cotton since the 1960's. It moved to the 
forefront in 1976 when 6,140,000 pounds of EPN was used on 
U.S. cotton (42). Six million pounds used at 0.5 LOU Ue o 
pounds a.i./A. with an equal amount of methyl parathion will 
treat eight to 12 million acres at one time. This is approxi- 
mately 0.8 applications per acre of cotton grown in the U.S. 
Later figures than 1976 can only be approximated. Its use 
probably increased in 1977, dropped to the 1976 level in 
1978, and dropped considerably in 1979 - in response to 
the ups and downs of Heliothis infestations and availability 
of pyrethroids and sulprofos (Bolstar). 

EPN, usually in mixtures, is heavily used in South 
Carolina, Georgia, Alabama, Tennessee, Mississippi, Louisiana, 
Arkansas, and texas (10,29,58,71,83,109,130,139,150). Its 
use in Arizona and Southern California depends on the highly 
variable tobacco budworm populations, from more than 230,000 
pounds in each state in 1977 to very little in 1979 (163,181). 
Arizona used 92,100 pounds in 1978. 


South Carolina: 3-12 applications on most of their 
150,000 acres 


Alabama: 800,000 acre applications on 300,000 
acres of cotton 

Tennessee: 1 or more applications to 75,000 acres 

Mississippi: two pounds/A on 1 to 1.7 million acres, 


not uniformly distributed 


Louisiana: 465,000 acres treated 2-6 times, 
average of 3, all in late season 


Arkansas: 300,000 acres treated 2 to 8 times 
Texas is a major user of EPN, but good estimates are not 


available. 
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North Carolina, Missouri, Oklahoma, and New Mexico use 
little EPN. 

The principal formulation is 3:3, three pounds each 
of EPN and methyl parathion per gallon of emulsifiable con- 
centrate. Other formulations, although registered, are little 
used and this discussion is based on use of the 3:3 formula- 
tion. A 2:4 formulation is registered. It is less effective 
on Heliothis, but is somewhat cheaper. EPN is also available 
as a five, four, and two pound per gallon E.C. and in a mix- 
ture with toxaphene-methyl parathion-EPN 4+3+1, toxaphene-EPN 
6+2, and EPN-Guthion 2+1 pounds per gallon E.C. 

EPN formulations are packaged in five gallon metal cans 
and 30 and 55 gallon metal drums. 

The cost to the grower for EPN-methyl parathion to be 
applied sate@:5 1-0-5, pounds per acre™is approximately $3.00. 
Alternative larvicides are in the $5.00-$7.00 range (10,109). 
These figures do not include cost of aput@eelont 

Ovicides are used at low rates, making them economical 
for an application. However, applications must be repeated 
frequently or else the ovicides must be used to supplement 
larvicides. They are supplements and not competitors of 
larvicides. 

Chlordimeform (Galecron and Fundal) is a Heliothis ovi- 
cide at dosages of one-eighth to one-fourth pound Bae pas 
Impact on beneficial insects is minimal. Methomyl (Lannate 
and Nudrin) is a Heliothis ovicide at one-eighth asics A. 


Several others are being researched as ovicides. Some of 
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them become effective larvicides at higher dosages than those 
used as ovicides. With the low dosages required for ovicidal 
effectiveness, beneficial insect populations are not drastically 
reduced. With very good IPM practice, it is possible to suf- 
ficiently reduce populations by a combination of ovicidal 
action and natural predator kill to keep a Heliothis population 
below damaging levels. This is harmonious use of insecticides 
(ovicides) and biocontrol concurrently. If this approach 
fails and damaging larval populations break through, there 
is still time to use a larvicide. The principal limitation 
of this approach lies in the difficulty of finding Heliothis 
eges and getting a good estimate of their abundance. There 
is a threat that this will be met by scheduled use of ovi- 
cides, a giant step backward for IPM. 

The alternative larvicides are not proven ovicides with 
the exception of methomyl. Further evaluations are needed 
on Orthene and Bolstar. By adding an ovicidal dosage of 
chlordimeform or methomyl to the Heliothis larvicide, kill 
of eggs as well as larvae is obtained. This makes possible 
stretching the interval between applications by obtaining 
both larval and egg kill, i.e. the ovicide supplements the 
larvicide. 

Application of Heliothis larvicides {SsebyetOliar* Spray 
in mid-late season. At least 80% or more is custom applied 
aerially. The remaining less than 20% is applied with 
ground machinery, usually by the individual farmer, but 
with some custom work (1071483 ,109) 138031895150): 

The base application rate is 0.5 + 0.5 lb. a. 1 JALOS 


EPN-methyl parathion. If infestation pressure dictates, this 
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rate may be increased to 0.67 to 0.75 or occasionally, to 

one pound each. Alternatively, tank-mixing with an ovicide 
(chlordimeform or methomyl) or with chlorpyrifos for increased 
larvicidal activity may be practiced. Even with the increased 
rates or mixtures, the price is cost-competitive with effec- 
tive alternative insecticides. 

Given continuing pressure, the usual interval between 
applications is five days. Most treatment decisions are made 
on the basis of field scouting, using the best IPM techniques 
presently available. This often permits stretching intervals 
or skipping applications entirely. Depending on continuing 
severity of the problem, the number of applications varies 
from one to 20. Twenty applications is very high. Usually, 
this would be by a grower who goes on schedule and does not 
Scout or have this cotton scouted. Occasionally, an outbreak 
will get out of hand and this compounded by frequent rains 
that wash off the insecticide will call for short intervals 
between applications. I know of no way to obtain an accurate 
estimate of the average number of applications for Heliothis 
control with all insecticides. 

For aerial application, water is used as the diluent 
with application rates of one to three gallons per acre. 
Tanks are metal with 100-300 gallons capacity, depending on 
the type of airplane. Hollow cone nozzles are spaced on a 
boom to give even swath distribution. Nozzle pressure is 


in the 40-60 p.s.i. range. There is a strong trend to using 


a closed mixing system with the finished spray pumped into 
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the tank. However, some open systems are used, especially 
when operating from satellite fields. Cabs are closed. 

Two or three loaders are commonly used. Human flaggers are 
seldom used. When they are, they are usually well protected 
by umbrellas and protective clothing. Once the plane is 
lined up for its run, the flagger moves over a swath width, 
40 or more feet. If there is a cross breeze or wind, spraying 
moves up-wind, offering further protection to flaggers. 
Fixed or permanent flags are more commonly used. Or two 
planes fly the buddy system. Each plane uses the swath of 
its buddy as a swath marker and spraying moves up the cross 
wind or breeze. Some optimists fly singly without markers 
or flags, but this too often results in poor control in un- 
sprayed skips. One-hundred acres per hour can be treated 

if ferry distance is short, loading efficient, and fields 
large. 

For ground application, eight or 12 row equipment is 
used with 150-300 gallon metal tanks. Hollow cone nozzles 
are used, either with one over the row and a drop nozzle 
directed down and in on each side of the row or with)! nozzles 
evenly spaced 19-20 inches apart on the boom and directed 
down. Nozzle pressure is 40-60 D.eS-iaspRateseare five £o 
ten gallons per acre with water as the carrier. 

In one type of operation, one man serves as both driver 


and loader. After spraying out a tank, he returns to the 


water/insecticide source and refills. The insecticide is 
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usually poured into the tank from five gallon cans while the 
tank is filling. The motor is running to provide by-pass 
agitation to insure mixing. 

In another type of operation, a nurse tank is delivered 
to the site. In a nurse tank operation, more than one sprayer 
may operate from the same nurse tank. Use of a nurse tank 
reduces travel time of the sprayers. In a nurse tank opera- 
tion, the water and insecticide may be mixed at the central 
water source with the insecticide poured into the nurse 
tank from five gallon cans or pumped from 30 or 55 gallon 
drums. The nurse tanks must be equipped with agitation for 
uniform mixing. Alternatively, the insecticide is taken to 
the field along with the nurse tank and filled as described 
in the preceding paragraph. A nurse tank/ground sprayer 
operation requires one full- and one part-time worker for 
one sprayer. Four workers can operate three sprayers and a 
nurse tank. 

Almost all sprayers have no cab. The driver is seated 
ahead and above the boom. There is essentially no exposure 
to the insecticide except in loading. Exposure in loading 
depends on precautions taken and the mixing procedure. The 
safest procedure is to use a nurse tank equipped with agita- 
tion and with the insecticide pumped into the nurse tank 
whilewt is filling. The mixed spray is then pumped into 
the sprayers as needed. 

With long rows, a 12-row sprayer can cover 30 acres an 


hour while actually spraying. Considering shorter rows, 
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smaller fields, road and mixing time, nozzle stoppages and 
routine maintenance, 15 acres per hour with 12-row and ten 
acres per hour with eight row equipment is easily attainable, 
but probably above average. 

Precautionary Measures 

Required by label: clean, natural rubber gloves; clean 
waterproof clothing; rubber boots; goggles; mask or respirator 
passed by the U.S. Bureau of Mines for methyl parathion and 
EPN protection. 

Normally used: waterproof clothing prevents perspiration 
from evaporating. Its use is sheer suicide in the hot 
southern sun. A mask or respirator may become contaminated 
when not in use, making it very hazardous to wear. The 
workers comply as best they can, but survival comes first. 
Normal wear consists of rubber gloves, hat or cap, tightly- 
woven coveralls and leather boots or shoes in good condition 
(el) 

Preharvest and re-entry intervals: Do not handpick 
or harvest within three days is always observed and with a 
considerable margin. The re-entry period is 24 hours for 
EPN and 48 hours for methyl parathion and then only when 
foliage is dry. Since EPN is almost always applied in 
mixtures with methyl parathion, a 48 hour re-entry period 
for EPN, as suggested by team member George Ware, would 
cause no hardship. The 94 hour re-entry period is always 
observed. Exceptions to the 48 hour re-entry period occur 
occasionally when scouts fail to get the treatment informa- 


tion. This communication problem is difficult to completely 
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27 
overcome with farmers, aerial applicators, and scouts als 
operating over wide-ranging areas. Treatment is usually 
made the same or following day after scouts recommend treat- 
ment. This automatically minimizes risk of violating the 
re-entry period. 
Post-Pesticide Treatment Activities: 
Scouting: Once or twice weekly, two or more days after 
treatment, 40 acres per hour. 
Irrigation: Intervals may be as short as ten days or there 
may be no irrigation. Irrigation normally does not require 
field entry. Time varies with equipment and water supply. 
Harvesting: 30 or more days after treatment, two acres/hr. 
with two row spindle picker. 
Exposure and Hazards 
Minimal exposure and no known hazards from use of EPN. 
Alabama: Cholinesterase monitoring of 20-25 
cotton scouts for the,three year period 
1972-4 indicates no health hazard (150). 
Arkansas: No known problems. Two studies have 
shown no cholinesterase inhibition 
among scouts and loaders and only one 
for a grossly careless PiLOb. pance 
EPN is always used in mixture with 
methyl parathion, this is strong evi- 


dence of no exposure hazard unless 
there is gross negligence (10). 


Georgia: No known problems (83). 
Louisiana: No known cases of injury or intoxica- 
tion (139). 


South Carolina: The Medical University of South Carolina 
Charleston, shows no reported cases of 
EPN poisoning from 1967 to 1 Oeil aiid) ve 
Records were not kept prior to 1967. 
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6. Role of RPARd Insecticide 


State recommendations for control of bollworm and 


tobacco budworm: 


Alabama: 4+ to 3/4 + 3/4 pounds EPN and 
methyl parathion per acre (150) 

Arkansas: 4 + 5 to 3/4 + 3/4 (10) 

Georgia: +3, (83) 

Louisiana: rg C5 ACO EL O(139) 

Mississippi: 4 +345 to 3/4 + 3/4 (109) 

South Carolina :i< 4° 4 to 1 + 171) 

Tennessee: Sih, eS /4t(4130) 


For bollweevil control in the absence of bollworms 
and budworms, the usual dosage is % + % pounds EPN + methyl 
parathion per acre. 

Pest management programs are widely used throughout 
the Cotton Belt. The standard procedure is to scout the 
cotton once or twice weekly. As long as pest infestations 
are at sub-economic levels and/or biological control is 
adequate, no insecticides are applied. 


Alabama: 90% of the acreage is under IPM and 
the remainder is strongly influenced 
by the program. Applications are 
seldom made before mid or late July 
(150). 


Arkansas: 95% of the acreage is under IPM. 
Treatment seldom begins before mid-- 
July. Each field is scouted and 
treatment begins when action levels 
are reached. Community-wide programs 
are being activated. Managing pest 
populations community-wide is proving 
much more efficient with 80% reduction 
in insecticide inputs compared to 
treatment of individual fields (10,132). 
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Louisiana: 80% of acreage under supervision of 
consultants. Treat only after eco- 
nomic threshold is reached (139). 
South Carolina: Seldom treat before mid-July. 75% 
participation in identifiable IPM 
programs with rest strongly influ- 
enced (71). 
Tennessee: IPM programs in operation since 1972. 
Present identifiable participation is 
10-12% (130). 
Texas has so many different agroecosystems with cotton 
that generalizations are difficult. The 2ZJoomillion acres 
on the High Plains seldom require insecticide treatment. 
However, in recent years, Heliothis is emerging as a problem 
and IPM programs are being instituted to cope Withwatsy! In 
the rest of Texas, 1.7 million acres is under IPM (144). 
In the Brazos Valley, the program is mainly scout and treat 
as needed. In other areas, programs have become much more 
refined. In the Rolling Plains, delayed planting community- 
wide results in suicidal emergence of boll weevil; without 
need for insecticidal treatment for boll weevil, Heliothis 
is seldom a problem. In most of the rest of Texas, produc— 
tion of MAR varieties gives sufficient earliness to greatly 
reduce insecticide use with competitive or increased yields. 
In Arizona and Southern California, pink bollworm can 
be managed in a manner that reduces dependence on insecticides, 
avoiding induction of the tobacco budworm problem (181). 
The National Cotton Council estimates thateaa/Arer the 
cotton acreage is under IPM. If the 2.5 million acres on the 


High Plains with a very low insect hazard are excluded, the 


figure jumps to AI CLG), 
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Other Registered Pesticides 


This will be limited to Heliothis larvicides. Ovicides 
and biological insecticides have a place in Heliothis manage- 
ment and are being used more and more, but they are supplements 
to and not substitutes for larvicides. 

If an alternative insecticide for Heliothis control 
is ineffective on boll weevil, mites, or other pests that 
occur concurrently with Heliothis outbreaks, additional 
costs are incurred by the necessity of adding other insecti- 
cides to the mix or making special applications. 

The pyrethroids - permethrin (Ambush, Pounce) and 
fenvalerate (Pydrin) are more expensive than EPN-methyl 
parathion. They may be sufficiently more effective on 
Heliothis to require fewer applications, partially offsetting 
increased cost. With longer intervals between applications, 
heavy infestations of weevils are not adequately controlled. 
The pyrethroids are developing reputations as Bipot tere, 

Acephate (Orthene) is expensive. It is somewhat weak 
as a one-time knockdown on Heliothis and performs better 
on a schedule of successive applications. It is not effec- 
tive on weevils. 

Sulprofos (Bolstar) is quite effective on Heliothis, 
but is expensive. It is not effective on boll weevil. 

Chlorpyrifos (Lorsban) is expensive and probably less 
effective on Heliothis than EPN-methyl parathion, the 


pyrethroids, and Bolstar. It seems to do better as an 
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additive rather than as the primary insecticide for 
Heliothis. 

Monocrotophos (Azodrin) is more expensive than EPN- 
methyl parathion. It is less effective than EPN-methyl 
parathion, the pyrethroids, and Bolstar unless very high 
and expensive rates are used. 

Methyl parathion sione is less effective, especially 
on tobacco budworm than other recommended insecticides with 
the possible exception of carbaryl. 

Encapsulated methyl parathion (Penncap M) is more expen- 
sive than EPN-methyl parathion. 

Methyl parathion + toxaphene is not very effective on 
many populations of tobacco budworm. Toxaphene is also being 
RPARd. 

Carbaryl (Sevin) is not as effective on Heliothis 
and weevil as EPN-methyl parathion and is a Pt eeeaiide re 

Methomyl (Lannate, Nudrin) is effective on Heliothis, 
but at the high dosages and heavy schedules required for 
severe, long-running Heliothis outbreaks, leaf-reddening 
becomes severe with possible yield reduction from phytotoxi- 
city. It is not effective on boll weevil. 

Of the 13 registered alternative insecticides, brand 
names and mixtures EPN-methyl parathion is considered more 
effective for Heliothis control than six, equal to four, and 
possibly not quite as effective as the three synthetic pyre- 
throids. To fully equal the pyrethroids, the dosage may be 
raised to 0.75 each of EPN-methyl parathion, the mixture | 


spiked with chlorpyrifos (Lorsban), or the interval between 
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applications shortened. Yields would be the same from use 
of EPN-methyl parathion and the seven effective alternative 
insecticides, given good pest management practices. 

Cost of application is the same for EPN-methyl parathion 
and all the alternatives. 

All of these alternatives are of value in a good IPM 
system in that the insecticide best suited for a given 
situation can be selected. With a diversity of available 
insecticides, resistance to any of them can be delayed. 


Cost per Acre Application for Heliothis Control 
Exclusive of Application Costs (modified from 109) 


Insecticide Rate/acre lbs a.i. Cost 
Acephate (Orthene) i Sigs 
permethrin (Ambush) Or 6.40 
permethrin (Pounce) OeL Se ihe 
sulprofos (Bolstar) “i 6.66 
chlorpyrifos (Lorsban) 1 Gane 
Curacron il Fie 
EPN + methyl parathion O.aouer, Os) 2.00 
Monocrotophos (Azodrin) 1 bie NC 
fenvalerate (Pydrin) Oe Biko 
toxaphene + methyl parathion 2are) 30 
Carbaryl (Sevin) chet) Sy] 
Methomyl (Lannate) 0.45 4.48 
Methomyl (Nudrin) O45 4.48 
methyl parathion 1 1268 
Penn-Cap M a Noo. 


Summary and Conclusion 

EPN in mixture with methyl parathion is the most cost effective insecti- 
cide treatment for iene spp., bollworm and tobacco budworm, on cotton 
as most of the Cotton Belt. When used for Heliothis, it also controls 
or suppresses such other pests as boll weevil, plant bugs and fleahoppers, 
spider mites, pink bollworm, fall armyworm, beet armyworm, yellow-striped 
armyworm, cotton aphid, and usually whiteflies. 

EPN has a long history of safe use on cotton without detectable hazard 


to those who work with it, given normal safety procedures. EPN-methyl para- 
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thion 3-3 E.C. mixes readily with ovicides. It can also be "spiked" to 
give a three-way mixture to use in cases of extreme larval pressure, es- 
pecially large tobacco budworms. EPN and EPN mixtures fit readily into use 
in customary mixing and application equipment. 

Alternative insecticides that are as effective or possibly slightly 


more effective for Heliothis control are ineffective on boll weevil. 
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insects Take Nearly 9 Percent 


of 1979 Cotton Production 


59 By Dr. Jim Hamer 
Mississippi Extension Pest Management Specialist 








MISSISSIPPI STATE, Miss. — last season. But how significant Much better loss estimates will 
Damaging insect populations was loss in yield from these in- be available in the future in cot- 
were remarkably low in cotton sect pests? ton as a result of action taken in 


the 1979 Cotton Insect Research 

and Control Conference in which 

‘ the conferees (under the guld- 

Table 1: Yield Loss From Cotton Insects ance of Charlie Parencia) voted 


imlaverotans estiniz 
For The Cotton Belt fudvin He hatte Mited aN 


-_—————— In implementing this Study, a 


losses estimate committee (with 


Loss Number Percent one member from each state en- 
Attributed Bales Loss gaged in the production of cot- 
To Lost (Average) ton) was selected by a chairman 


approved by the conferees. 





| Boll Weevil 208,790 1.4 Each committee member sery- 
| Bollworm-Tobacco Budworm 441,920 3.0 ed as a State coordinator with his 
_ Cotton Fleahopper 211,300 1.4 responsibility being to secure 
Lygus spp. and other losses data from a state commit- 
Plant Bugs 208,730 1.4 tee named by him. Individual 
Cotton Leaf Perforator 0 0 state results were compiled, sum- 
ee sliworm 3,380 0 marized, and presented at the 
Srider Mite 103,000 07 1980 Cotton Insect Research and 
Thrips 37.90 0.3 ae Conference in St. Louis, 
Others ] 87,040 0.6 Slenificanee 
——— OO The significance of an annua] 
Total 1,307,110 8.8 loss estimate for insect damage 


in cotton was recognized and en- 
: dorsed by the conference as one 
Fall armyworm, European corn borer, cotton aphid, on-going aspect of the con. 
*uschisius spp., and cotton leafworm. ‘ference. The results are present- 


edinthe accompanying tables. 

ec er er ne ee ree 

, Ee See ee 
Table 2: Total Percent Loss And Bale 

| Loss In Cotton For States From 

| Insect Damage 


——— ees 








Total Total 

State Percent Bales 

Lost Lost 
Alabama 23.00 73,600 
Arizona 0.65 8,780 
Arkansas 4.00 24,400 
California 5.94 200,770 
Florida 16.50 580 
Georgia 31.36 48,610 
Louisiana 8.00 55,200 
Mississippi 13.94 202,130 
Missouri 17.00 27,000 
New Mexico 8.50 8,920 
North Carolina O47 7) SIG 
Oklahoma 7.00 36,400 
South Carolina 16.00 18,400 
Tennessee 8.50 14,620 
Texas 10.26 584,820 
Virginia 6.00 7,000 
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e 3. Estimated Reduction In 1979 Cotton Yields Resulting 
From Insect Damage! 


Co a ae aT eens 


Lass State 
tribuiable to Arkansas Louisiana Mississippi Missouri Tennessce 
evil 
RNase airy oe. o) '02 0.5 4.0 3.16 0 0 
a3 ah ee 3.05 27.6 45.82 0 0 
rm-fobacco 
Sends 
HAAN c, DReYOLP pea eeees 1.0 2.0 ga 3.0 tee) 
‘vate ee ERS COE 6.1 13.8 48.53 4.77 Wiel 
fleahopper 
filemeeteinsctana ies 1.0 1.0 0.16 2.0 NA 
= aS aeb HORA NRC 6.) 9 Py 3.18 NA 
spp. and 
olant bugs: 
Dalit wa dee oot oat 1.0 20 4.19 9.0 5.0 
, Gal 6.9 60.75 14.31 8.6 
leaf 
ete. 
SiS copes race 0 0 NA NA NA 
So Augie EERO ee RPI 0 0 NA NA NA 
ollworm: 
TRI” uate Pua oem Ms 0 0 NA NA NA 
ai ae OP een 0 0 NA NA NA 
mite, 
nychus spp.: 
SYA Gaokiteacnge meme 0.5 0 Ong 1.0 0.5 
ou cea 3.05 0 DUS Te59 0.86 
<iniella spp.: 
Gis aoetactemeroen 0 0 Hos 1.0 1.0 
Siw sla arty Re 0 0 16.38 leo) WR 
SIA < Saude Dison 0 0 1.76? 1.03 GS 
Pe ore Fotis sia sos 0 0 2S), B04 1.58 a2 
PEnGeMTLOSSe.s ©. 4.0 8.0 13.94 We 8.5 
PALO SMOSit mere ensre ete 24.4 Si 202. N38 27.0 14.62 
MabaleSwrna sere 610 690 11,450 159 ape: 


eeeneeen unre re "EE 
of control which helped hold losses to indicated level not estimated; all figures in table 
Yexcept percent. NA, not applicable. 

armyworm (Spodoptera frugiperda (J.E. Smi:h). 

pean corn borer (Ostrinia nubilalia (Hubner). 
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SECTION 2 -— SOYBEANS 


1. Commodity information.--Soybeans were grown on 70.5 million acres 
in the U.S. in 1979, producing 2,267.6 million bushels of grain currently 
valued at ca. $13.8 billion (61). The national average yield in 1979 was 
32.2 bushels/acre. Soybean production is concentrated from the Atlantic 
and Gulf coast westward and northward between latitudes 28° and 46° north. 
Few soybeans are planted west of the 98° meridian (5). Two states, Iowa 
and Illinois, annually produce one-third of the soybean grain. The most 
typical agroecosystems are soybean-corn-forage in the Midwest and soybean- 
corn-cotton-small grain, soybean-grassland, soybean-rice, and soybean- 
sugar cane in the South. Soybean grain is an important domestic and ex- 
port commodity. 

2. Arthropod pests of soybeans.--A survey was conducted of entomolo- 
gists in 18 states which account for 80% of the total acreage planted to 
soybeans in the United States. Despite the relative richness of the insect 
fauna found in soybeans, the survey showed that 83.2% of the insect damage 
to soybeans in the United States is caused by no more than eight species. 
Seven of these species belong to three major guilds or complexes: (a) 
lepidopterous defoliators, including the velvet bean caterpillar, Anti- 
carsia gemmatalis (Hubner), the soybean looper, Pseudoplusia includens 
(Walker), and the green cloverworm, Plathypena scabra (F.); (b) coleopterous 
defoliators, including the Mexican bean beetle, Epilachna varivestis Mulsant 
and the bean leaf beetle, Cerotoma trifurcata (Forster); and (c) pod feeding 
Pentatomidae, including the southern green stink bug, Nezara viridula (L.), 
and the green stink bug, Acrosternum hilare (Say). The eighth species, the 


corn earworm, Heliothis zea (Boddie), also called the bollworm, is locally 
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important in southern states as a foliage and pod feeder. Six other species 
account for 14.8% of the damage by insects to soybeans. These species 

are the tobacco budworm, Heliothis virescens (F.), the beet armyworm, Spo- 
doptera exigua (Hubner), the threecornered alfalfa hopper, Spissistilus 
festinus (Say), the black cutworm, Agrotis ipsilon (Hufnagel), the lesser 
cornstalk borer, Elasmopalpus lignosellus (Zeller, and grasshoppers mainly 
in the genus Melanoplus. Another 11 species or species complexes may cause 
sporadic damage, two percent, in the very limited areas (77). There are no 
records of exotic insect pests of soybeans being introduced into the United 
States (77). 

The biology of the eight major pests species have been studied exten- 
sively since the increase in soybean production in the United States and 
the world in the past 30 years (18,19,22,24,34,35,49,55,68,/70,/9,78,10/, 
114,116,117,129,158,161,164,165,177,178,188). A summary of the general 
biological information and areas of impact of these eight species are pre- 
sented in Table 2. 

3. Use of EPN in producing soybeans.--EPN is used as a foliage spray 
to control the insect pests of soybeans. It is effective against both in- 
sects and mites. EPN is used in combination with methyl parathion and this 
mixture is favored since it controls the resistant corn earworm and there 
is no mite build-up in treated fields following use of this insecticide 
mixture (89). The mixture of EPN plus methyl parathion is the most widely- 
used insect spray on soybeans in the south-central states ands tet Ss tie 
popular choice of many soybean growers in that area. The usual recommended 
dosage is 0.25 pound ai EPN/A in combination with 0.25 pound ai methyl 
parathion/A for foliage feeding insects and stink bugs and 0.5 pound ai 


EPN + 0.5 pound ai methyl parathion/A for the corn earworm (O28 46.41 49) 
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This mixture is usually applied by aircraft and fields are sprayed one to 
two times per season, depending on pest density. There are adequate margins 
of safety for all EPN applicator personnel wearing protective clothing 

and respirators (47). Flaggers, by the nature of their job function, 

are most likely to be at risk from EPN application. Pest scouts and workers 
are required to wait 24 hours after application before entering EPN treated 
fields and 48 hours if mixture of EPN + methyl parathion is used. Data 

on formulation, methods of application, application rate, and application 
equipment are presented in Table 3. 

While several south central states recommend EPN + methyl parathion 
for soybean insects, most use occurs in Arkansas where ca. 290,000 acres 
and in Mississippi where ca. 500,000 acres of soybeans are treated annually 
with EPN (89,110,8). Alabama and Louisiana collectively treat less than 
20,000 acres with EPN each year (138,149). Thus, approximately one percent 
of the U.S. soybean acreage is treated annually with EPN. In years of 
pest outbreak such as in Arkansas in 1969, 75% of soybean acreage (3.3 
million acres) was treated in that state alone. 

EPN is not used on soybeans in the north central soybean-growing 
States since pest problems are much less frequent and alternative insecti- 
cides are often already available on the farm or can be readily purchased 
from a local dealer or custom applicator. These alternative chemicals 
are more available because they are used on other crops such as corn. 

In the South, EPN is used on cotton and usually in combination with methyl 
parathion, and the ready availability of this mixture, plus the experience 
of the applicators in handling and applying the mixture, is an important 


reason EPN is used on soybeans in southern states (89). Other reasons are: 
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Table 3. EPN use on Soybeans in the U.S. 


Soybean Insects 
Aphids 
Bean leaf beetle (Cerotoma trifurcuta) 
Blister beetles 
Corn earworm (Heliothis zea) 
Cabbage looper - (Trichoplusia ni) 


Fall armyworm (Spodoptera frugiperda) 

Garden webworm (Achyra rantalis) 

Green cloverworm (Plathypena scabra) 

Mexican bean beetle (Epilachna varivestis) 

Stink bugs 

Threecornered alfalfa hopper (Spissistiulus festinus) 
Twospotted spider mite (Tetranychus urticae) 
Velvetbean caterpillar (Anticarsia gemmat ialis) 


Label Directions 


Apply 0.125 - 0.5 ai/acre EPN when in 4 + 2 methyl parathion and EPN 


combination and apply 0.2 - 1.0 1b ai/acre EPN when in 3 + 3 methyl para- 
thion and EPN. Aerial application apply in a minimum of 1-3 gals of water. 


Do not graze or feed forage to animals within 21 days of application. 


Parameters for control of insect pests on soybeans: 


Formulations 4-3-1 Toxaphene/Methyl parathion/ EPN 
4-2 EC methyl parathion/EPN 
3-3 EC methyl parathion/EPN 


Packaging: ies wOOpatd) 55 cal drum 


Equipment: Aerial, conventional ground equipment and 
high clearance, self-propelled equipment 


EPN applied by air: + 907 


Dosage of EPN: 


EPN + Methyl parathion 2-4 
EPN + Methyl parathion 3-3 


Aphids Dine 
Blister beetle -25 - .6 
Beanleaf beetle aes: 
Bollworm cdrom find 
Cabbage hopper 2 i toh 
Cutworm climbing Sealy, 
Fall armyworm 4 440 
Green cloverworm SoD = edo 
Mexican bean beetle 22D ef adlo 
Stink bug 6u8 ips 2 
Threecornered alfalfa hopper Ci a ee) 
Twospotted spider mite foo Roe suo 
Velvetbean caterpillar 29a) 
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EPN + Methyl parathion + Toxaphene 1-3-4 


Aphids 

Armyworm 

Bean leaf beetle 

Corn earworm 
Grasshopper 

Green cloverworm 
Stink bug 

Velvetbean caterpillar 


Carrier H,0 


# of application 


0.16 - 0.19 lb. ai/A EPN 


methyl parathion + EPN not more than 2/season 


Season when pests appear 


Stage of growth 


Aerial application 


Vol. finished 
spray/acre 


Avg load capacity 800-3000 1b 190 gals* 


Speed of spraying 100 mph* 
Boom width = 
Droplet size 


# hrs/day suitable 


for spraying 3-5 hrs** 
# hrs actual 
spraying 20% overall 
Avg # acres 
treated/hr 80-125 acres/hr** 


Refill time <10 min.* 


Nurse tank (if used) 

Capacity of transfer system 

Avg # of acres of soybeans/farm 
# lbs of EPN 

# acres treated 

% of crop treated 

# applicator (aerial) 

# mixers/loaders 

# flaggers 


all stages 


1-3 gals/acre 


200-400 microns** 


Commercial 
Ground applicator 


6-8 gals/acre 


150-300 gals* 

4-20 mph* 

40-60 ft* 

Every droplet size is 
produced 


4-6 hrs* 
50-60% overall 


20-60 acres/hr* 
<10 min.* 


1200-1600 gals* 
150-200 gals/min. 
125¢5eacres 

ca. 400,000*** 

ca. 750,000*** 

oie, MORON ck 

? 

1 per applicator 

0 (stationary marker 


ee ee. 


*Estimated by L. E. Bode, Agricultural Engineer, AGricultural Engineering 


University of Illinois. 


**kFrom estimates by E. D. Thomas, Entomologist, in Dimethoate RPAR Assess- 


ment Team report. 


*kkBased on estimated acreage of 70.5 million acres of soybeans in U.S. in 
1979 and use of EPN on soybeans at a dosage of 0.25 to 0.5 lb aijA AnD 
Alabama, Arkansas, Mississippi and Louisiana. 
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EPN controls the major insect and mite pests that attack soybeans 
(9328 346,47,45) « 

EPN is an effective alternative insecticide where pest resistance 
could become a problem. Knowledgeable world experts on control 

and toxicology agree that alternating use of various neeneriae 

in an integrated pest management program helps to defer pest resis- 
tance (47,106). Avoidance of pest resistance lessens pesticide use. 
EPN is an effective substitute insecticide where pests or pest com- 
plexes, especially Heliothis spp., have developed resistance to 
other insecticides (46,47,45). There are no reports of insect 

pests developing resistance to EPN though the insecticide has been 
used for 30 years (47). 

EPN is economical and cost effective in pest control. Data obtained 
from two companies (February 1980) reported approximate cost to the 
grower of one pound active ingredient of EPN is $4.00; methyl para- 
thion $2.00; dimethoate, $5.00; toxaphene $1.00; methomyl $11.00; and 
carbaryl $2.40. Most EPN applications to soybeans are at a dosage 
of 0.5 pound ai EPN/A + 0.5 pound ai methyl parathion/A at a cost of 
$3.00-$3.50/A to assure control of the corn earworm. Even at this 
maximum dosage, the mixture is competitive with the alternative 
insecticides or mixtures of methyl parathion and carbaryl or toxaphene 
since carbaryl is recommended at 1.6-2 pounds, toxaphene at three 
pounds ai/A. Methomyl is recommended at 0.5 pound ai/A for control 
of the corn earworm. Dimethoate is not effective against the corn 
earworm. The 0.5 pound EPN + 0.5 pound methyl parathion mixture 
used on soybeans is economical. The cost of application is the 


same for all insecticides. Aerial application costs ca. £3, 250/A. 
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Studies conducted to date have shown that soybeans are very tolerant 
of defoliation up to the beginning of pod setting. Yield reductions are 
not expected to occur below 20% defoliation at any time during the growing 
period (see Table 4 for vegetative and reproductive growth stages) and 30% 
defoliation can be tolerated up to pod setting and after on filling 
without loss of yield. However, without treatment, some fields in the 
South would be 100% defoliated. 

When an insecticide treatment is applied at the 20-30% level of de- 
foliation, there is no way to know whether defoliation without treatment 
would attain 35, 50 or 100 percent. With the corn earworm, however, con- 
sumption of pods with developing grain is a direct loss in yield. As il- 
lustrated in Figure 2, loss of pods has a dramatic effect on yield and 
greater than the effects of loss of foliage (Figure 1). In many circum- 
stances in the south, defoliation and depodding occur simultaneously 
in the same field. The primary use of EPN + MP on one percent of U.S. 
soybean acreage is to control the corn earworm and EPN + MP is more eco- 
nomical and effective than any other combination or insecticide applied 
alone. Treatment scenarios based on cancellation of EPN and use of alter- 
native insecticides would not change the number of acres now treated, but 
for alternative chemicals, dosage would be higher or costs greater with 
no increase in control. 

Alternative chemicals.--The five insecticides that can be considered 
alternatives to EPN in controlling insects on soybeans are: carbaryl, 
dimethoate, methomyl, methyl parathion and toxaphene. 

Carbaryl--This insecticide is widely recommended for controlling 
many insect pests of agricultural crops, including those attacking soy- 


beans. Because it is readily available and because the bollworm does 
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Table 4. Description of growth stages of soybeans (49a) 2/ 


tae ee ee ee eee SS 


Abbreviated 
Stage no. stage title Description 
VEGETATIVE STAGES 
VE Emergence Cotyledons above the soil surface. 
VC Cotyledon Unifoliolate leaves unrolled sufficiently 
so the leaf edges are not touching. 
V1 First-node Fully developed leaves at unifoliolate 
nodes. 
V2 Second-node Fully developed trifoliolate leaf at 


node above the unifoliolate nodes. 


V3 Third-node Three nodes on the main stem with full 
developed leaves beginning with the 
unifoliolate nodes. 


V(n) nth-node nnumberof nodes on the main stem with 
fully developed leaves beginning with 
the unifoliolate nodes. n can be any 
number beginning with 1 for Vl, first- 
node stage. 


REPRODUCTIVE STAGES 


Rl Beginning bloom One open flower at any node on the main 
stem. 
R2 Full bloom Open flower at one of the two uppermost 


nodes on the main stem with a fully 
developed leaf. 


R3 Beginning pod Pod 5 mm long at one of the four upper- 
most nodes on the main stem with a fully 
developed leaf. 


R4 Full pod Pod 2 cm long at one of the four upper- 
most nodes on the main stem with a fully 
developed leaf. 


R5 Beginning seed Seed 3 mm long in a pod at one of the 
four uppermost nodes on the main stem 
with a fully developed leaf. 


R6 Full seed Pod containing a green seed that fills 
the pod cavity at one of the four upper- 
most nodes on the main stem with a fully 
developed leaf. 


R7 Beginning maturity One normal pod on the main stem that has 
reached its mature pod color. 


R8 Full maturity Ninety-five percent of the pods that have 
reached their mature pod color. Five to 
ten days of drying weather are usually 
required after R8 before the soybeans have 
less than 15 percent moisture. 

eta tes a 

al A plant at a reproductive stage of growth should be designated with a 
combination of the V and R stages. For example, a plant at full bloom 
with 11 fully developed trifoliolates above the unifoliolate nodes would 
be at stage V12R2, because the unifoliolate nodes should be counted as 


one. 
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pigures, |. .bffect of defoliation on yield of soybean grain. 
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Figure 2. Effect of depodding on yield of soybean grain. 
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not attack soybeans in northern states, carbaryl is the choice in the 
major soybean producing areas of the Midwest when pest outbreaks of leaf- 
feeding caterpillars and beetles occur. Carbaryl is very toxic to pre- 
daceous mites that usually keep phytophagous mite populations below the 
economic threshold in soybeans. In the south where the growing season 

is longer, mite problems can be aggravated with use of carbaryl. In 
northern states, mite buildup from use of carbaryl usually occurs so late 
in the season as to not be a problem. Further, only one application of 
insecticide is needed in the north, and mites increase most with multiple 
applications, which is more common in southern states. 

Methomyl--This insecticide is a very effective cleanup insecticide 
against the looper complex when loopers are a problem, but it is used only 
to a minor extent because of its cost. 

Dimethoate--This insecticide is primarily used to control the Mexican 
bean beetle, grasshoppers and spider mites. Dimethoate is not effective 
against the pod-feeding bollworm (36). 

Toxaphene--This insecticide is not usually recommended or used on 
soybeans as other insecticides give better control. 

Methyl parathion--This insecticide is favored for mixing with EPN. 
In combination with EPN, it controls the most difficult pests such as 
the bollworm. Methyl parathion alone is not as effective in controlling 
soybean pests and especially the resistant bollworm, as when used in 


combination with EPN (89). 
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SECTION 3 -— FIELD CORN 


A. Major uses - EPN is registered for use against several Arthropod 
pests of corn, but has limited use against European corn borers and 
corn rootworm beetles. 

1. Commodity Information 

a. Geographic distribution - About 80 percent of the 80 million 
acres of corn is grown in the 12 corn belt states of Iowa, 
Illinois, Minnesota, Nebraska, Indiana, Ohio, South Dakota, 
Wisconsin, Missouri, Michigan, Kansas and Kentucky. An 
additional one to two million acres of corn are grown each 
year in the states of Georgia, New York, North Carolina, 
Pennsylvania, Texas and Colorado (170). 

b. Acreage - The acreage of corn grown for grain and silage is 
shown in Table 4a. In addition, approximately 500,000 acres 
of white corn is grown each year in ten states in the United 


States (170). 


Table 4a. Acres of corn grown for grain and silage in the United States 










for 1977, 1978 and 1979 (170). 


Field Corn 


Crop Syrs Ave. 3°yr. Ave; 3° 90s AVE: 






Production 











Acres 


(1,000 acres) bu. (000) 
Grain 70,972 TOse 7D 70,984 AOR TANG. 100.3 fg OAD. 
Silage 9 , 307 8,623 8,002 8,644 13:4 Tons _115,647 Tons 








Cc Production and Value - The three-year average corn Produce 


tion was 7,091,965,000 bushels. The average price for a 
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bushel of corn for 1977, 1978 and 1979 was $2.02, $2.25 and 
$2.44 (190), respectively or an average price of $2.30 for the 
three-year period. The three-year average value of the corn 
grain: 

7-9091.5965.000 ebuy.x 2.30 = $16,311,519,500 
Cultural Practices - Corn is grown as a spring-seeded, full 
season annual crop. It is planted in rows 30-40 inches apart. 
Tillage practices prior to planting vary from fall or spring 
moldboard plowing, which will cover most of the previous crop 
residue; fall and/or spring chiseling or disking, which will 
leave some of the previous crop residue on the surface; to no- 
till, which plants the corn without any previous tilling leaving 
all of the previous crop residue on the surface. 

Fertilizer is applied to nearly all corn acres in a fall.or 
spring application, usually broadcast as granular or liquid and 
incorporated by disking. Starter fertilizer may be applied as a 
row application and some post-plant sidedress fertilizer appl i= 
cations are also made. Additional nitrogen may be supplied as 
anhydrous as pre- or post-planting applications. 

Herbicides are applied to nearly all the corn acres as pre~ 
plant soil incorporated, surface applied pre-emergence and post- 
emergence applications needed; some acres are treated for broad- 
leaf weed control at various times throughout the growing season. 

In areas where corn rootworms are present, corn following 
corn acres are treated with a planting-time application of a soil 
insecticide. These are applied in a seven inch band above the 


seed, lightly incorporated in the top one-half to one inch of 
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Depending on the effectivenss of the herbicides, corn is 
usually cultivated at least once, but rarely three times as was 
so common 30 years ago. 

Furrow or sprinkler irrigation is the main source of water 
in the more western corn belt region and is used to supplement 
rainfall by some farmers in some years in the portions of the corn 
belt. 

All seed is fungicide treated as purchased and a small amount 
is treated with a planter-box insecticide treatment to protect 
against the seed attacking insects. 

Harvesting begins in the fall after the crop is mature and 
the moisture content of the grain is at a level that is desirable 
for the subsequent use or storage of the grain. Livestock feeders 
who are equipped to store and feed high moisture grain will begin 
harvest when the corn is at 28% moisture. Propane gas fueled 
dryers are used to dry the combined grain down to the 15-16% 
moisture content that is safe for storage. The increase in cost 
of this fuel for drying corn will cause many farmers to grow a 
somewhat shorter season and lower yielding varieties for their 
area to reduce the amount of drying. Some corn is still har- 
vested in the ear by corn pickers and is stored in corn Crips. 

Ear corn can be harvested and stored at a higher moisture level 
than shelled corn. The combine has replaced the corn picker as 
the predominant method of harvesting corn. 

There has been a dramatic decrease in the amount of oat 
acres and an increase in soybean acres. Continuous corn and 
a corn-soybean rotation are used extensively. The traditional 


corn, corn, oats, meadow, meadow rotation is practiced on very 


few acres. 
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Pest Information 


Arthropod pests of corn that EPN is registered for use are 


listed below: 


Corn rootworm adults Fall armyworms 

European corn borers Cutworms (climbing) 
Armyworms Stinkbugs 

Spider mites Cutworms (surface feeding) 
Aphids Twospotted spider mites 
Thrips 


Although EPN has not been used extensively to control any 


of the above pests of corn, the European corn borer and corn root- 


worms will be examined as these are the major pests of corn and 


some EPN is uSed to control these insects. 


a. 


Geographic distribution 
European corn borer - Ostrinia nubilalis ae 

The European corn borer was introduced into the United 
States with a shipment of broomcorn from Hungary or Italy to 
Boston between the years 1909 and 1914 (16). Figure 3 shows 
the insect has one generation per year in the northern states 
and as many as four in the southern portions of the country. 
Two generations commonly occur in the heart of the corn belt 
states of Nebraska, Iowa, Illinois, Indiana and Ohio. 

The borer goes through four stages of development--egg, 
larva (borer), pupa and moth. The borers pass the winter as 
full grown larvae in cornstalks, corn cobs or weed stems. 

The overwintered borers pupate in May. When the moths emerge 


in the spring, they spend the daytime in small grain fields 
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Figure 3. Generations of European Corn Borers in the United 


States (146). 
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or in grassy fence rows and grass waterways. On warm, calm 
evenings, they fly into corn fields and lay their eggs in the 
tallest or most advanced corn. The eggs are deposited in masses 
of 15 to 30 eggs/mass on the underside of corn leaves near 

the midrib. The eggs hatch in four to seven days. The small 
larvae move down the leaf to the whorl to feed (119). 

Corn borers damage the plant by leaf feeding which re- 
sults in loss of leaf tissue, interference in the movement of 
plant nutrients and midrib breakage. Larger larvae bore into 
the stalk destroying food-conducting channels of the plant. 
This weakens the plant, resulting in stalk breakage, smaller 
ear size and weight and reduced yield. Tunneling also makes 
the plant vulnerable to organisms that cause stalk rots (119). 

Subsequent generations feed on leaf sheaths and collars 
and also tunnel in ear shanks and feed on the silks, kernals, 
and cobs resulting in yield loss, quality impairment and 
dropped ears (119). Insecticide controls are applied at 
egg hatch and young larval stages. 

Losses in absence of insecticides 

Corn borer populations may fluctuate up or down each 
year due to the many influential biotic and climatic factors 
that affect the insect. 

Some factors that influence European corn borer popu- 
lations are (152): 

Weather - The most vulnerable stage of the European 
corn boreris the moth. Unseasonably cool evening tempera- 
tures during the egg laying period will reduce expected corn 
borer numbers. Heavy rain/wind storms that occur during the 


egg laying period will also exert a negative influence on 
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the population. For example, in 1979, corn borer popula- 
tions were expected to be above average with many fields 
requiring an insecticide treatment. Numerous storms that 
resulted in heavy rains that were accompanied by high winds 
reduced the corn borer potential and virtually no insecti- 
cide applications were applied. 

Stalk Destruction and Tillage Practices - Harvest 
operations destroy many corn borer larvae. Fall or spring 
stalk-chopping, disking and plowing destroy many more. Many 
larvae survive in the stems of weeds along field margins 
and in corn stalks of fields planted to oats, since many 
stalks are left on the soil surface when prepared for 
drilling or seeding oats (62,63). 

Two factors override the recommendation of using stalk 
destruction as a method of controlling corn borers - 1) excess 
energy use and 2) soil conservation. Wind and water erosion 
is of major concern and crop residues left on the soil surface 
reduce the amount of erosion. In Iowa, some form of reduced 
tillage (chisel, disk, field cultivator, no-till planter) 
has replaced the moldboard plow on about 50% of the acres 
planted to corn and soybeans each year (4). The Soil Con- 
servation Service emphasizes that plowing and burying crop 
residues increases soil erosion. In addition, all of the 
tillage implements that leave more residue on the surface 
also require less fuel per acre of tillage than the mold- 


board plow. 
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Date of Planting - A five year review of research con- 
ducted in three states (152) revealed that early-planted corn 
outproduced the late-planted by an average of 6.8 bushels per 
acre. The difference ranged from 5.4 bushels in Iowa to 6.3 
bushels in Minnesota and 8.6 bushels in Ohio. - Because a one 
bushel drop in expected yield will occur for each day planting 
is delayed after May 10 in Iowa (160), agronomists recommend 
planting as soon as soil temperatures warm to 50°F and to 
complete planting by mid-May if possible. Maximum yields 
and profit will be made from planting as early as possible 
and treat for European corn borers in those years when the 
population reaches economic infestations. 

Plant Stand and Fertilizer - Second-generation corn 
borer populations are greater on corn grown in fertile soil 
when compared to corn grown in fields where commercial ferti- 
lizers were not used (62). Adequately fertilized plants will 
tend to be more succulent and attractive for egg laying than 
nonfertilized plants. There has been a gradual trend toward 
increasing the plant stand along with increasing the level 
of fertility. With increased planting rates and increased 
usage of fertilizer, it is possible that planting methods 
could enable more borers to survive simply by providing more 
surface area upon which the young larvae could crawl and to 
become established (62). 

Biological Organisms - Corn borers can become infected 
with a protozoan Nosema pyrausta. Infected larvae are less 


likely to survive the winter and infected adults lay fewer 
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eggs (62,86). A fungus, Beauvaria bassiana, can also cause 
mortality to a segment of the corn borer larvae. The climatic 
conditions that favor both of these beneficial organisms 

are not fully understood (86). Lady beetles and the tiny 
flower bug, Orius, will feed on a small Aer of corn borer 
eggs and tiny larvae each year. Corn borers in corn fields 
located near wooded areas often are preyed upon during the 
winter months by woodpeckers. A small number of larvae are 
also consumed during the winter by pheasants. 

The role that these biological organisms contribute 
to the overall corn borer population is negative, but usually 
insignificant (86). 

Resistant Hybrids - Research corn breeders and entomolo- 
gists have been able to develop inbred corn lines which contain 
a physiological chemical, Dimboa, which is responsible for 
resistance to the first generation of the European corn borer. 
Upon maturation of the corn plants, however, the level of 
Dimboa decreases so that these resistant lines are no longer 
resistant to subsequent generations. Most seed corn-producing 
companies have available commercial hybrids with high to 
intermediate resistance to leaf feeding by first-generation 
corn borers. 

Unfortunately, the genetic yield potential is not as 
great for these Dimboa-containing inbreds as others. So, 
the popular hybrids with growers are those that have a high 
yield potential but are not very resistant to European corn 
borers. Although all of the hybrids grown today are not as 
susceptible to corn borer attack as those hybrids grown in the 


1940's and early 1950's, the most popular ones are not as 
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resistant as others which the seed industry has available. 

A total of 1,167 inbred lines of corn were rated for 
resistance to leaf feeding by larvae of the first generation 
European corn borers by Guthrie and Dicke (56), so sources 
of lines that are resistant are known to the seed industry. 

Summarizing the results of a five year sary conducted 
at Ohio, Minnesota and Iowa, Sparks et.al. (152) states that 
the susceptible hybrid outproduced the resistant hybrid by 
an average of 11.6 bushels per acre in the early planting 
and by 9.3 bushels per acre in the late planting for an ave- 
age of 10.4 bushels per acre. 

When first generation corn borer populations are low 
to moderate, susceptible hybrids will outyield resistant 
hybrids. Only when corn borer populations are high would 
growers benefit from planting the lower yielding resistant 
Varieties (152). 

Yield losses have generally been established at 3%/borer/ 
plant (125), but vary with the time of infestation, stage 
of plant development and geographical location (48,82). A 
more recent and comprehensive study of losses due to corn 
borers was reported by Lynch (93). He studied the losses 
in yield due to corn borers infested at different stages of 
plant development and different levels of infestation for 
four corn hybrids commonly grown in the midwest. Two of the 
hybrids contain A619 x A632 and B37 x Oh43. A619 and Oh43 
are inbreds that are resistant to leaf feeding and when com- 
bined as above, the hybrid would be considered to be inter- 


mediate in resistance. The other two hybrids, B/3. x Mol/ 
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and Mol7 x N28 would be considered susceptible because of Mol7's 
extreme susceptibility to corn borers. Lynch (93) determined 
that the yield losses resulted primarily from physiological 
damage (less grain produced) due to corn borer infestation 
rather than losses due to unharvestable (dropped) ears. When 
infestations were made during the whorl stages of plant deve- 
lopment, yield losses per unit of infestation were greater 

for the susceptible, long-season hybrid than for the mid- 
season hybrid with an intermediate level of resistance. How- 
ever, the yield potential of the long-season hybrid, especially 
B73 x Mol7, was great enough to compensate for the greater 
loss. 

Infestations occurring at pretassel and pollen-shedding 
(in Iowa, second generation) stages, losses tended to be 
greater for the long-season than for the mid-season hybrids. 
Because of the tendency to plant such a high percentage of 
the corn acres to full-season but corn borer susceptible 
varieties, Lynch (92) believes the 3%/borer/plant estimate 
used to assess corn borer losses actually underestimates 
the true losses. 

The most recent national estimates of damage by the 
European corn borer printed in the Cooperative Plant Pest 
Report is for 1976. Listed in Table 5 are the estimates 
of production and loss for selected corn producing states 
for 1976. The index of three percent loss per borer per 


plant was used to compute the loss in bushels. 
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Table 5. 


Delaware 
Illinois 
Indiana 
Iowa 
Kansas 
Maryland 
Michigan 
Minnesot 
Missouri 
Nebraska 
North Da 
Ohio 
South Da 
Wisconsi 


TOTALS 
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Estimates of Damage by the European Corn Borer to Corn Grown 





forgGrain anetherUsSéein 1976,(173). 


Estimated Data 





Total Value 
State Per Value of 
Production Bushel Production Loss of Crop 
LS 0005Du. Dollars $1,000 T,000° bus $1,000 
Mate Maas 2.45 44,774 454 1 Ms Be 
1,250,830 2.40 Be00L, 992 12,184 29,2) 
693,000 ya 15 095.000 Palau Loe o5ou 
Dy ba, U0 PRS 20706025 43,672 102,025 
170,050 230 39 Issel 5 LOS BASSO 
Diep 30 2.45 140,459 1,158 2036 
141,450 ee LD 318,263 2657 0 by 32 
a 330,400 2.40 WQI2,960 10,110 24,263 
173 850 2otO 417,240 5,940 14,256 
514,600 vase) d 183,580 29 giol 0 66,1953 
kota je 200 2.40 17 5280 54 
Doge 220 Jae6\ 4) DLO 701.6 2,645 
Kot acy B15 200 2.40 89,280 ripe’ 
n 148,240 2.45 363,188 i gg Wi Be 
5,085,845 dino 202 LA F820 276,472 


A list of estimated losses caused by the European corn borer during 


the last six years (latest available) are listed in Table 6 to indicate 


the variability in losses in each successive year. 


The loss was 2.32 percent of production in these 14 states or about 


1.90 percent of the total 1976 crop. These losses would not have in- 


cluded any cost of controls and would be in addition to controls. 
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Table 6. 

















Estimates of Damare by the European Corn Borer to Grain Corn | 


in 14 states where the fall survey was conducted. 


Year Bushels Dollars 

1976 117,870,000 276,472,000 
rvs 223,224,000 549,685,000 
1974 42,599,000 148,865,000 
1973 199539) 5000 B29, 2s 2000 


yz 65,621,000 83,367,000 





1971 305,545,000 B19 S/d, O00 


Figures 4 and 5 (168,169) show the geographic distribution 
of the northern and western corn rootworm in the United States. 
These important pests of corn overwinter in the egg stage and the 
eggs are laid in the soil in corn fields in late July and August. 
Whenever corn follows corn, there is potential for rootworm damage. 
The eggs hatch in early June and the larvae feed on corn roots 
causing damage. Severe root pruning can cause the plant to lodge 
(fall over) as well as reduce yields because of smaller ears. The 
larvae complete their development in July, pupate, and the adult 
beetles emerge in late July and August. 

Rootworms are easily controlled culturally by crop rotation. 
Since most of the eggs are laid in corn fields, damage can be 
avoided by not planting corn after corn. Because rootworm damage 
on corn after corn fields in the midwest is highly predictable, 
many farmers have adopted a corn-soybean TOtatton. | wus proce 


dure avoids rootworm damage and the need for a soil insecticide 


for rootworm control. 
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Figure 4. Distribution of Western Corn Rootworm 


Diabrotica vingifera 
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Figure 5. Distribution of Northern Corn Rootworm 


Diabrotica Longtcornts 
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Nearly half of Iowa's corn acres each year are planted on 
fields where corn was grown the previous year (69). The reasons 
for each farmers selection of crops to grow on his/her farm each 
year are many. Government programs, anticipated price, harvest 
equipment, storage facilities, livestock enterprise and need for 
grain or hay as feed, previous herbicide use (some carryover and 
cause injury to soybeans), topography of farm, a particular weed 
problem and spread of work load at planting and harvest are some 
of the reasons that each farmer uses in planning his cropping 
plans each year. 

In Iowa in 1977, 91% of the corn following corn acres (5.7 
million acres) were treated at planting-time with a soil insecti- 
cide for rootworm larval control (69). EPN is not registered or 
used to control rootworm larvae. 

Rootworm beetles feed on corn leaves, silk and pollen. Usually, 
peak beetle numbers occur after the corn crop has pollinated. A 
few late pollinating fields may occur each year that will have 
five to 15 beetles present per ear tip. Their extensive silk 
feeding can keep the silks clipped and prevent normal pollination 
which results in reduced yields. When this situation occurs, 
an insecticide application is needed to stop this silk clipping. 
Use of Pesticides in Producing Corn 
a. European Corn Borers 

As Tables 5 and 6 indicate, the need for insecticides to 
control corn borers will vary each year and will vary from 
one geographic area to another. This is because of the impor- 


tant role that the weather and other factors have in influ- 
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encing the magnitude of the corn borer populations. 
Traditionally, insecticides are not applied for European 
corn borer control unless the infestation is high enough 
to justify treatment. In other words, very few pro- 
phylatic or preventative treatments are applied. 

Recommendations to treat field corn for the first- 
generation corn borer vary from treating when 35% to 75% 
of the plants are infested. Infestations are determined 
by observing leaf feeding. The lower economic threshold 
is used on fields with higher yield potential (1354 
bushels/acre). 

Treatment times are likely to occur in mid-May in 
Southern Missouri, mid-June in central Iowa and late 
June in central Wisconsin (119). 

Materials 

Granular insecticides consistently give better con- 
trol than sprays (102). This is because the granules 
are "caught" by the whorl leaves and "funneled" down 
into the whorl where they come in contact with the small 
corn borers. Granule formulations have some advantages 
over sprays. These are: 

1. No mixing is needed. 

2. No water is needed. 

3. Treatment can be applied at higher wind velocity. 

4. The personal hazard is reduced. 

5. There is less hazard to honeybees and other 


beneficial insects. 
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Because there is little or no granular application 
equipment available on farms, applications are applied 
by aircraft. This may increase the cost of application, 
but it insures the application by trained and certified 
personnel. 

Listed in Table 7 are the insecticides suggested 


for controlling European corn borers by the USDA (166). 


Table 7. Insecticides Registered for European Corn Borers 


Min. Days from 


Last Application Pounds of Active 
to Harvest or Ingredient to 

Crop & Pest Insecticide Feeding Apply per acre 
Corn European corn Diazinon - 1-2.0 
borer 

Fonofos 30 thy 

(Dyfonate 20G) 

EPN 14 OisD 

Carbofuran - tA 

(Furadan) 

Phorate 30 1.0 

(Thimet) 

Carbaryl = 1-2.0 

(Sevin) 

Toxaphene 28% 2.0 

Trichlorfon 28 1.0-2.0 

(Dylox) 

Fensulfothion 30 OeJ5—1.0 

(Dasanit) 

Bacillus thuringiensis = 714 

(Thuricide) 


*Do not feed ensilage to dairy animals or animals being finished for slaughter 


In addition to the insecticides listed in Table 7, 
Penncap-M has 24(C) registrations in Iowa, Tildnois, 4south 


Dakota, North Dakota, Kansas, Kentucky, Maryland, New 
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Jersey, Delaware and Texas. The material was used ex- 
tensively in Iowa in 1978. It was credited with bee 
kills and the Iowa Department of Agriculture initiated 
action via its rule making authority to withdraw the 
24(C) or restrict its use on fields that were actively 
shedding pollen. It will be included in further discus- 
sions as a material for use against corn borers, but 
legal restrictions may remove it as an alternative for 
this use, at least in some states. 

Although ten materials are listed in Table 7, five 
of these either have never been used or have not been 
used to control European corn borers for over five years. 

- Sevin - both 10% and 20% granules are registered. 
The 20% granules have not been made for several 
years and the 10% granules are made for and used 
primarily to control turf insects (139). 

- Toxaphene - Efficacy data (14) show that other ma- 
terials are better. Dealers also are reluctant 
to stock a product that can only be used to con- 
trol one insect. Toxaphene is now in RPAR process. 

- Dylox - The five percent Dylox is effective and 
although labeled, it never was made available for 
use (57). Since 30 to 40 pounds of product/acre 
are required, it would not be popular with the 
aerial applicators. Dealers would also be reluc- 


tant to have it on hand because of limitedlabeling. 
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- Dasanit - It is registered for control of second 
generation only. Dasanit has no other uses and 

is not distributed in a large segment of the corn 
belt (57). Most control for corn grown for grain 
is directed against the first generation. 
Thuricide - Bacillus thuringiensis formulations 
have been evaluated for many years (137). Al- 
though some control results have been satisfac- 
tory (101), other test results have been poor (96). 
The product has never been available in the corn 
belt. Tests have shown that granules are better 
than sprays (94,95), but the shelflife of granules 
is poor. A product that would not be used in the 
year it was purchased would not be effective the 
following year. 

Listed in Table 8 are the results of research (14a) 
comparing most of the registered insecticides to control 
corn borers. The insecticides were applied with ground 
equipment and laboratory reared egg masses were arti- 
ficially used to infest the plants in this study. Arti- 
ficially infesting the plants with four egg masses insures 
that the insecticides are challenged. However, in tests 
of this nature, the timing of the insecticide application 
is perfect so that tests designed in this manner will 
often indicate better control than in experiments that 
use natural infestations and where aircraft is used to 


apply the insecticides. 
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Table 8. Effectiveness of Insecticides Against First and Second Generation 
European Corn Borer, Ankeny, Iowa, 1973. 


$ Cavities/20 plants % Control 
; Bee Aaa Al First Second First Second 
reatmen ation Acre Generation Generation Generation Generation 


Test 1 
Dyfonate 
Dylox 
Furadan 
Dasanit 
Toxaphene 
Sevin 
Diazinon 
Untreated 


Diazinon 


EPN 


Toxaphene 


Untreated 


In Iowa in 1978, both first and second generation 
populations were high and Dr. Berry was able to conduct 
some tests using a commerical airplane applicator to 
apply the insecticides. The results of several of these 


tests are reported in Table 9 (13). 
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Table 9, Aerial applications to control corn borers in Iowa in 1978. 


Va Date of Cavities Percent 
Insecticide Application Rate Per Plant Control 


First Generation 
Furadan 
Thimet 


Untreated 


Second Generation 
Furadan August 12 
Penncap-M August 12 


Untreated 


Penncap-M August 12 


Untreated 





The very poor control obtained against the second 
generation is because eggs were laid during the entire 
month of August. During August, larvae in all stages 
of development were present. Under these conditions, 
it is impossible for a single application of any insecti- 
cide to control the corn borer. Under conditions of 
continuous egg laying, it would be necessary to use two 


to three insecticide applications to obtain satisfactory 


control (14). 


Availability Determines Use 
Furadan 10G, Dyfonate, 20G and Thimet 15G are all 


used as planting-time applications to control corn root- 


worms. All of these products are readily available, in 
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Table 10. 


Insecticide 
Furadan 
Dyfonate 


Thimet 


Penncap-M 


Diazinon 


EPN 
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distributor and dealer channels throughout the corn belt. 

If corn borer populations reach economic levels, one of 
these three readily availableinsecticides are used. Penncap- 
M is registered and used in the midwest to control alfalfa 
weevil, grasshoppers and greenbugs and is readily avail- 
able to uSe to control corn borers. 

Other insecticides that may be as effective and nearly 
equivalent in cost are at a very real disadvantage in the 
market place. In order to keep chemical inventories 
down and reduce the chances of having a large inventory 
of a pesticide that was not needed, materials such as 


EPN 2G and 4G and Diazinon 14G are not stocked. 


Insecticides and their per acre costs for use on European corn borers C1 5a)5 
Recommended or 
Most Commonly Cost of Material App. Total 


Used Rate product / Cost Cost Cost 
(AI/Acre) ibs Acre Acre Acre 


bt 
i 


Tato 2 





Ogzeto. 0.5 


Table 10 shows that the insecticide cost per acre of the 
four insecticides (Furadan, Dyfonate, Thimet and Penncap-M) 
currently used to control European corn borers ranges from 
$5.15 for Thimet to $8.50 for Furadan. The cost for EPN 
would be $7.12, and Diazinon $8.68. All six materials are 


similar in efficacy and costs are relatively similar. 
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Application Techniques 


Corn borers - When corn borer treatments are applied 
for the first-generation control, they are applied when 
the plant is in the pre-tassel stage. Most applications 
are granular insecticides applied by atrcrace, 
Application Equipment 

Nearly all of the insecticides applied for European 
corn borers are applied by fixed wing aircraft. The 
capacity of the planes ranges from 1,000 pounds to ZOU 
pounds, but most are 1,200 pounds or 150 gallons. 

The operators estimate treating about 100 acres/hour 
or 1,000 acres per day. The standard application charge 
is $3.50/acre for all granules and for liquids Peatieiae 
three gallons or less per acre. 

Gloves, respirator and goggles are standard equipment 
used by all of the personnel assigned to loading planes 
or handling the insecticides. Although some automatic 
loading equipment is in use, much of the loading is done 
by hand. The granular insecticides used for corn borer 
control are available in 50 pound bags. Approximately 
five minutes would be required for loading. 

Flagging is either done by uSe of an automatic flagger 
or by use of a vehicle, which is usually a pickup truck. 

Table 11 shows that the number of acres that could 
be treated per load ranges from 75 acres using Penncap-M 


up to 240 acres for Dyfonate. 
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Table ll. 













Total Cost per Acre and Number of Acres One Load can Treat (1200 
pound capacity). 

Acres/Load 
Total. Cost Lbs/Product Common Aircraft 


Insecticide Per Acre Per Acre 1200/1bs. cap. 





Furadan 10G 
Dyfonate 20G 
Thimet 14G 
Diazinon 14G 


EPN 4G 








Penncap-M (21b/ qt + 1.5 water 
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b. Rootworm Beetles 
Even though rootworms are present every year, most 
fields have pollinated by the time peak beetle populations 
are present. For these reasons, the number of acres 
treated for beetle control to prevent silk clipping is 
relatively few. 
There are a number of insecticides registered for 


adult beetle control and are listed in Table 12. 


Table 12. Insecticides Used to Control Corn Rootworm Beetles 


Minimum Days Pounds of Active 
Last Application Ingredient to 
Insect Insecticide to Harvest Apply/Acre 


Corn rootworm Diazinon 

beetles 
Malathion LU 
Carbaryl 1.0 
Sevin 4-Oil i hed 


EPN + methyl Ue LoveT Ue LO 7:2 
parathion 


Imidan 0. 29-0..5 


Parathion 





EPN 
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An exception year was 1977. Rootworm development 
was earlier than normal, and adult emergence took place 
about the time many fields were beginning to pollinate. 


Many fields were treated although the actual number of 


acres treated is unknown. 


Mable 13. 


Insecticides and Their Cost for Rootworm Beetle Control 





Insecticide U ae ch panies 
sed Rate Loe Cost /Acre 

Diazinon 1.90-3.80 
Malathion 10 1.0 550 3230 SIR 18) 00 
Carbaryl: 

Sevin 805 1.0 LO aly 3.14 3500 6.64 

Sevin 4-0il ae) 120 3d | Bs OF aU Dold 
Imidan 0425-0..5 * 2.04 1.02-2.04 3200 ? 
Parathion OrzZ5 0.25 pee he) es sheet) PS) 
EPN 0.25-0.5 0.25 5.70 1.42 sill 


EPN+methy1l 
parathion 0.1875-0.1875 9.33 ele) 3.50 | 


*Not used enough to know use rate. 


Since the pollination period is short, protection 
from the silk-feeding beetles is only needed for a few 
days .. sAllyot the insecticides listed in Table 9 should 
give an adequate reduction of the beetle population so 
that pollination could occur. An insecticide with a 
long residual would not necessarily be needed. The in- 
secticide used then would be probably the one that was 
readily available and competitive economically. EPN 
should compare favorably for this market, but it has 
The cost oL the 


been a small market except for 197 Je 


insecticides to control rootworm beetles is shown in Tahie alo < 
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Adult Corn Rootworm Management 


This method of controlling rootworms is quite new 
and is used only on a few farms at this time. It involves 
counting the beetles weekly, from emergence through 
August. If beetle numbers reach the economic threshold 
of one beetle per plant, the adults are sprayed. This 
concept should not be confused with "'silk-clipping" 
discussed above. The corn rootworm management method 
kills the beetles before the eggs are laid so beetle 
control substitutes for larval control the following 
year. An insecticide that would have the longest re- 
sidual activity is used so that beetles that emerge 
later or migrate into the field later will be killed 
by the one application. 

Because Sevin 4-Oil has the longest residual acti- 
vity (two to three weeks) (162), it has been used almost 
exclusively in any adult corn rootworm management pro- 
grams. This program does require that beetles be counted 
weekly and requires a well-trained scout. Post-spray 
counts are needed so that the grower can confidently 
substitute adult control for larval control. EPN would 
not fit in this program because of its short residual 


activity. 
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SEED CORN 


The majority of the seed corn is produced in the states of Iowa, 
Illinois, Indiana, Ohio, Nebraska, Minnesota and Wisconsin (12). The 
seed yield of single cross inbred lines will range from ten to 50 range 
per acre (12). Depending on planting rate, each unit will plant three to 
four acres. Assuming an average yield of 30 to 35 units per acre of seed, 
it would require about 3/4 million acres of seed to meet the planting 
needs of corn growers in the U.S. each year (12). In years (like 1979) 
when seed yields were above normal, the seed is carried over to the next 
year with fewer acres planted the following years. 

It is difficult or impossible to obtain the genetic pedigree makeup 
of individual corn hybrids. Production and value figures are also not 
readily available. For this report, an approximation of the production 
and value of the seed industry is shown below. 

20 million bags or units needed to plant 80 million acres 


x $50 





$1 billion retail value of seed 


x .15 - estimated amount paid by companies to growers to produce 
seed 


$150 million (or $200 per acre - based on 3/4 million acres) 

Seed fields are subject to attack by the same insects that attack 
field corn. Because of the higher per acre value of the seed crop and 
because of the less vigorous seed plant, insecticides are used on a much 
higher percentage of seed corn than on field corn. Seed fields are 
monitored closely by trained personnel and insecticides are applied at 
lower insect thresholds than field corn, e.g., seed fields are treated 
for first generation corn borer control when 25% of the plants are infested, 


as opposed to 35-50% infestation for field corn. In addition, a second 


on unit is a bag containing approximately 80,000 seeds. 
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application may be applied seven to ten days later on seed fields if feeding 
continues, whereas a second application would rarely be applied to field 
corn. 

Because of the higher value of the crop, one to two insecticide appli- 
cations may be applied for second generation control on seed fields. Since 
the efficacy is lower for second generation, field corn is rarely treated 
for second generation control. 

Seed companies are very interested in the residual activity and re- 
entry intervals of granular insecticides because detasselers and roguers 
may need to enter fields shortly after insecticide applications. They 
will sometimes need a short-lived compound or a safe compound if detasseling 
operations are needed soon after insecticide treatments. 

Although reentry periods are not indicated on many of the granular 
insecticides used for corn borer control, seed companies do not want to 
send detasselers into fields recently treated with Dyfonate, Furadan, 
Thimet or EPN. Diazinon 14G is used or has been used some by the seed 
corn industry, but it is not always available. An attempt was made in 
Iowa in 1979 to obtain a 24(C) label for Lorsban 15G so that an effective 
and safe corn borer control material would be available to the seed in- 
dustry. The 24(C) label was not approved and this need still exists. 

Detasseling is done by crews walking through fields or by riding on 
machines. In addition, some detasseling is done by cutting off the top 
portion of the plant with machines or by machine "pullers". 

Many inbred lines are notoriously poor "pollinators" and will not 
tolerate much beetle silk slipping. Because of this failure, the threshold 
for beetle control to prevent silk clipping is much lower. Therefore, a 


higher percentage of seed fields are treated each year for beetle control 


than field corn. 
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SWEET CORN 


Sweet corn is grown over a wide area of the United States. The 
production figures of sweet corn grown for the fresh market and for pro- 


cessing are shown in Table 14 (167a). 


Table 14. Acres of Fresh Market and Processing Sweet Corn for 1976, 1977 


and 1978. 
Acres 
3 - yr. bag ae 
Sweet Corn 1977 Ave. Acres Ave. Prod. 


Fresh Market 1795900 169,900 170,000 Wate Ga Re fs} 13,614 


Processing 460,980 453,980 429,610 448,190 2,346,083 Tons 





640 ,480 623,880 599,610 621,23 3,026,76/-10u0S 


Fresh market sweet corn plantings are somewhat staggered in each 
growing area so that fresh sweet corn is available over as long a period 
as possible. Processing sweet corn also utilizes staggered planting so that 
the pack season is as long as possible. 

Ear attacking insects, such as the European corn borer and the corn 
earworm, are the most important insect pests of sweet corn. Corn rootworm 
larvae can cause damage, but usually these insects are controlled culturally. 
Fields on which early to mid-season sweet corn was grown Can have the 
Stalks disked immediately after harvest. Rootworm beetles will not lay 
their eggs in fields treated in this manner. Often this can occur before 
rootworm egg laying takes place so fields can be planted to sweet corn 
the following year without a need for rootworm larval insecticide. Or, 
sweet corn is planted on fields that were planted to a different crop the 


previous year so rootworms would not be present. 
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The earliest plantings of sweet corn in an area are likely to be 
infested with first generation corn borers in some years. The mid-season 
to late-season sweet corn would likely be attractive to late generation 
corn borers. 

From the silking to harvest, both fresh market and processing sweet 
corn receives repeated applications of insecticides that are applied to 
keep corn borers and corn earworms from infesting the ears. Because EPN 
has a 14 day harvest interval, it is not used for this purpose. Sevin 805 
and methomyl are currently being used for this late-season insect control 
(33). Penncap-M is competitive from a cost comparison, but it is no more 
effective than methomyl or Sevin and because of the problem of bee kills 
and resulting feuds with beekeepers, Penncap-M is not an alternative for 
the large processing companies (91,136,185). 

The insecticides suggested for use on sweet corn for European corn 


borer control are listed in Table 15. 


Table 15. Insecticides Suggested in USDA Guidelines to Control European 


Corn Borers (166). 


Min. Days from Pounds of 
Last Application Active Ingredient 
Pest Insecticide To Harvest To Appl 
European corn borer carbaryl 0 iL Aeek V2 
diazinon = al 
EPN 14 0, 2-00.25 
methomyl 0 O. 225-039 
ryania* Exempt Te waln0 
Penncap-M** $) 0.5-1.0 


*Product discontinued by S. B. Pennick 


**kNot listed in the USDA guidelines 
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The retail cost of these materials applied at the rates indicated 


in table 15 are: 


carbaryl (Sevin 80S) Cy acl) 
diazinon 8.68 
EPN 2. OD 60 
methomyl 2.909—)11.85 
ryania 3.65 - 4.86 
Penncap-M 3206, — he oh 


EPN is the most economical material listed and Rebuttal Letters 
numbers 15 (97a), 23 (143a) and 45 (140a) indicate that the product is 
the most economical and effective material to use for early season 
European corn borer control. The need for first-generation control in 
sweet corn will vary, depending on the size of the moth flight and the 
factors that affect corn borer populations. In some years, in some 
regions, first generation corn borers would not have to be controlled. 
In years when the factors that affect corn borer populations are 
favorable to the corn borer, there would be a definite need to con- 
trol them to avoid losses. 

The cost of diazinon would eliminate it as alternative, unless 


no other product was available. 


Role of RPAR'd Pesticide 


a. State Recommendations for control of corn insects: 


State Insect Formulation AI/A 
Arkansas European corn borer 4G O74 
Colorado Corn leaf aphid, 3+3 EC/EPN/M. Parathion 0.1875-0.28 
armyworm, fall armyworm, 
cutworms 
rootworm beetles 343 EC EPN/M. Parathion 0.1875 
GEC EPN 0.25-0.5 
western cutworm 3+3 EC EPN/M. Parathion 0.1875 
Iowa European corn borer 4G rae 
rootworm beetles 4 EC EPN 0.25-0.5 
3+3 EC EPN/M. Parathion OL1875 
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State Insect Formulation AT/A 
Kansas rootworm beetle 4 EC EPN Uno 

European corn borer 4G 0.4 

4 EC EPN 055 

Montana rootworm beetle 4 EC EPN Orzo 
Nebraska rootworm beetle 4 EC EPN bis 

European corn borer 4G O83 
Wyoming rootworm beetle 4 EC EPN 0.25-0.5 
b. Review current Pest Management Program 


Integrated pest management is in the beginning stages of develop- 
ment in the corn belt. More pest management firms are being established 
each year and established firms are expanding. The percentage of corn 
acres that are in a modern IPM program is at this time very small. 

The IPM programs on corn emphasize monitoring for cutworm damage 
in May and monitoring rootworm beetles in July and August. Monitoring 
for corn borers is also included in the IPM programs, but the emphasis 
in getting farmers to get into IPM programs are cutworms and beetles, 
as they are not as sporadic as corn borers. 

However, insecticide use to control European corn borers and root- 
worm beetles have never been on a calendar or regular treatment basis. 
As mentioned earlier, corn borer populations are influenced by many 
interrelated factors. Since populations are not consistently high 
enough to be at economic levels each consecutive year, growers have 
never conditioned themselves to treat on a regular basis every year. 
They have learned to recognize larval leaf feeding and use insecti- 
cides when infestations warrant treatments. 

Corn rootworms are more consistently economic on corn following 
corn acres. However, the main thrust of rootworm controls are directed 


toward larval control, and EPN is not registered for this use. 
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EPN is registered for rootworm beetle control and it is one of 
several insecticides that competes for this relatively small market. 
EPN also competes for the even more erratic need to control army- 
worm and fall armyworm infestations. It was used in 1978 in the corn 
acres in the southeastern region when a prolonged and serious fall 
armyworm outbreak existed. It was used because it was effective and 
available in dealer and distributor channels. Supplies of EPN and 
other registered materials were used extensively and nearly exhausted 
existing supplies (159). 
Information on Other Registered Pesticides Used for Corn 
Granular formulations of six insecticides currently compete for the 
large corn rootworm larval market. Nearly 6.5 million acres are treated 
each year in Iowa. The other major corn growing states treat a similar 
percentage of their corn acres with these same materials. Three of these 
granular insecticides are also registered to control European corn borers 
should economic populations of corn borers exist. This places Dyfonate 
20G, Furadan 10G and Thimet 15G at an advantage over other insecticides 
that are only used in the midwest to control corn borers. Corn borer popu- 
lations are sporadic, so the need to use insecticides to control them is 
sporadic. Many dealers have purchased granular formulations of toxaphene, 
diazinon, Sevin and EPN anticipating economic infestations of corn borers 
during the upcoming season. Often, expected corn borer populations did not 
materialize and their inventory of these granular insecticides were on 
hand for possibly two to five years. Dealers who have had this experience 
will not even consider stocking these materials again. These same dealers 
will often have some of the granular rootworm insecticides left over. If 
needed for corn borers, they are readily available. This is why materials 
such as EPN 4G and diazinon 14G are not at the present time being used 


extensively to control European corn borers on field corn. 
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Table 16. EPN use on corn (field, seed, sweet) 


meer 





Corn Insects: 


Corn rootworm adults (Diabrotica sp.) 
European corn borers (Ostrinia nubilalis) 
Armyworms 

Spider mites 

Aphids, thrips 

Fall armyworms 

Cutworms (climbing) 

Stinkbugs 

Cutworms (surface feeding) 

Twospotted spider mite 


Label Directions: 


BUD YsOmLOM.2.591DS 4,,0r LO ‘to 25 lbs 22 EPN granules*usine aerial 

or ground equipment. Apply 0.25 to 0.5 1b ai/acre of EPN as a foliage 
spray. Apply 0.25 - 0.5 1b/ai/acre EPN when in 3 + 3 methyl parathion 
ane EPN combination. Apply 0.125 - 0.5 1b/ai/acre EPN when in 4 + 2 EPN 
and methyl parathion combination. Apply 0.5 1b/ai/acre EPN when in 

6 + 2 toxaphene and EPN combination. Do not apply within 14 days of 
harvest. Workers entering fields within 24 hours of application should 
wear protective clothing. 


Parameters for control of insect pests in corn: 


Formulations 2% granules, 4% granules 
Aa DC 
PEL eEG 
3-3 EC methyl parathion/EPN 
4-2 EC methyl parathion/EPN 
6-2 EC toxaphene/EPN 


25% WP 
Packaging 5 gal; 50 1b bag 
Equipment Aerial, ground application 
EPN applied by air over 95% (estimated) 
Dosage of EPN EPN 
European corn borer, adult 0.2-0.5 1b ai/acre 


corn rootworm beetles 


3-3 methyl parathion & EPN 
Climbing cutworms, corn lead 0.1875 1b ai/acre 
aphids, corn rootworm (adults), 


Fall armyworms, stinkbugs 
Armyworms 0.25-0.2816 1b ai/acre 
European corn borers 


4-2 methyl parathion & EPN 


European corn borers 0925-05, loeaiyacre 


6 + 2 Toxaphene & EPN 
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Carrier 


# of applications 


Season 
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European corn borers 
twospotted mites, thrips 
serpentine leaf miner, 
armyworms, climbing and 
surface cutworms 


2 and 4% - clay granules 
EC - water 


Field corn - 1-2 per season 


Sweet & seed corn - 1-3 per 


Field corn - lst generation 


European Corn 
Borer 


2nd generation 


Seed corn - lst generation 


2nd generation 


Sweet corn - lst generation 


Stage of growth 


Adult rootworm beetles 


Vol finished spray/acre 

Average load capacity 

Speed of application 

Boom width 

Droplet size 

# hours/day suitable for 
spraying 

# hours actual spraying 

Average # acres treated/hr 

Refill time 


2nd generation 


lst generation 


2nd generation 


Granules 


5-25 lbs. 
1200 obs 
100 MPH 
505 


10 

6 

100* 

5 minutes* 


Ovor lbeai/A 


(2 applications rarely 


applied to field corn) 


season 


when 35-75% of the plants 
show evidence of leaf feeding; 
mid-May in southern Missouri, 
mid-June in central Iowa and 
late June - early July in 
central Wisconsin. Repeat 
7-10 days if feeding con- 
tinues. 


at pollen shed when eggs 
begin to hatch; from July 
15 through August 25. 


when 25% of plants show 
leaf feeding. Repeat in 
7 days if feeding continues. 


at pollen shed when eggs 
begin to hatch. 


when 25% of plants show 
leaf feeding and continue 
at 5 day intervals as long 
as leaf feeding is evident. 


apply when eggs begin to 
hatch. 


30'"" extended leaf height to 
tassel 


early to late pollen shed 


silking and pollination 


Spray 


2-3 gals/acre 
150 gals 

100 MPH 

Oh 


6 

4 

100 

5 minutes 
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Granules Spray 

Nurse tank (if used) 1200-1600 gal 
Capacity of transfer system 150-200 gals/min 
Avg # of acres of corn/farm 


#1bs of EPN data not available 


# acres treated data not available 
% of crop treated data not available 
# applicator (aerial) 100 (Iowa) 

# mixers/loader 


1 per applicator 
# flaggers 


0 (automatic) 


References 
*Estimated by Leo Sterk, Laverty Sprayers, Indianola, Iowa. 
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SECTION 4 - MINOR USE -- VEGETABLE CROPS 


EPN is registered for control of several highly injurious pests 
attacking some important vegetables. Most important of these are beans, 
lettuce and tomatoes. The 1978 Agricultural Statistics publication (167) 
reported these crops were valued at $1,979,722,000 in 1977. These crops 
are produced generally throughout the U.S. but commercial production 
is more localized. 

Aphids, armyworms, bollworms, serpentine leafminers, spider mites, 
lygus bugs and stink bugs are the most important pests attacking these 
crops for which EPN is registered. However, because other insecticides 
are more generally available or equally or more effective, EPN is ex- 
tremely limited in its use on vegetable crops. Nevertheless, this fact 
does not negate the value of EPN as an effective insecticide and useful- 
ness as an alternative in case of the development of resistance or loss 
of pesticides in general use through me ai felts or marketing problems. 

Aphids are economically important on most vegetable crops in most 
locations. Aphids usually occur in clusters, are individually small, 
variously colored, full bodied and slow moving. Spread from field to 
field usually occurs by flight of winged forms. They transmit virus 
disease such as mosaic and leafroll which reduce vigor and yield. Heavy 
populations are capable of killing plants, especially young seedlings. 
These insects do not lay eggs except in the fall for overwintering. 
However, in warm climates some species remain active continuously, giving 
rise to living young all year. A peculiarity of reproduction is that 
young are produced parthenogenetically. 

Leafminers are destructive pests on many vegetable crops. They are 


especially destructive on tomatoes. These tiny insects burrow as 
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larvae between the upper and lower surfaces of leaves and sometimes in 
the rinds of fruit. The immature Stages are well protected from in- 
secticides. Timing of application for control of adults is essential 
unless systemic insecticides are used. lLeafminers are prevalent wherever 
vegetable crops are grown and all planted acreage is potentially exposed. 

Lygus bugs, Lygus hesperus or L. elisus, injure the growing parts 
of the beans by puncturing the tissue and sucking out the sap, causing 
blasted buds, flower drop and shriveled seeds. They may inject a toxin 
into the plant. Lygus bugs have a wide range of hosts, overwinter as 
adults and become active in the spring, depositing eggs in stems and 
petioles of host plants. There may be from three to five generations 
annually. 

Lygus bugs are of particular importance on dry beans in California, 
affecting 90,000 acres, and 318,000 acres in Idaho (167). These insects 
are problems where beans are grown near alfalfa, moving into the beans 
when alfalfa is cut. 

Vegetables grown for fresh market are uSually fairly rapid turnover 
crops and although natural controls may be abundant, rarely do they 
keep the pest insects below the economic thresholds. With the possible 
exception of potatoes, little research has been accomplished in utilizing 
pest-management techniques on vegetables. FDA regulations limit the 
amount of insect debris allowable in food. Thus, high value crops such 
as tomatoes, lettuce, and beans are not allowed to tolerate even a low 
level of insect damage. However, with an increased emphasis and the 
accelerated research on resistant cultivars, this system may soon be 
incorporated into vegetable management programs so that less dependence 


will be necessary upon insecticides. 
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Table 17. Acreage of Three Major Vegetable propel” 


No. of States 
Producing 


Beans 690,000 
Lettuce 224 ,000 


Tomatoes 471,180 





yy 


=—'pata from Dimethoate National Pesticide Information 


Progress State Survey (172). 
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Table 18. 
Site and 
Pest 


Beans 


Mexican bean beetle 
Twospotted spider mite 
Spider mites 


Beans (Dry & Green) 


Armyworms 
(including southern 
and yellow stripped) 


Potato aphid and aphids 
Serpentine leafminer 


Plant bugs (rapid and 
tarnished lygus) 
Thrips 


Mexican bean beetle 
Leafhoppers 

Beet webworm 
European corn borer 
Tomato fruit worm 
Flea beetles 

Stink bugs 


Bollworm 


Tomatoes 


Serpentine leafminer 
Aphids, Armyworms 
Tomato russet mite, 
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Dosage 


0525-0; 


(2) 12) 


oO 

NO 

Sa) 
I 


aos) 


Ooo OO OO Oo aC 


G2 2510 


Tomato fruitworm (Bollworm) , 


Twospotted spider mite, 
Spider mites, Thrips, 
Leafhoppers. 


Plant bugs, Tarnished 

and Rapid, Yellow striped 
armyworm, Tomato hornworm, 
Flea beetles, Darkling 
beetles, Psyllids, Beet 
armyworm, Beet webworm, 
Cabbage looper, Potato 

aphid, Southern armyworm 


ays ty, 
<a 370s 
- 13-0. 
SS UF 
Ul. 
eo -Ue 
zoe 


S2OnUs 


~S/A. 
-0225/A. 


50/A. 


-50/A. 
2 0EA. 


O, 50/4; 


25/A. 
50/A. 
25/A. 
50/A. 
50/A. 
50/A. 
50/A. 
mOlAs 
50/A. 


O/A. 


Sites and Pests for Registered Uses of EPN. 


(EC) 
(WP) 


(EC, WP) 


(EC, 
(EC, 


(EC, 


WP) 
WP) 


WP) 


(EC, 
(EC, 
(EC, 
(EC, 
(EC, 
(EC, 
(EC, 
(EC, 
(EC, 


WP) 
WP) 
WP) 
WP) 
WP) 
WP) 
WP) 
WP) 
WP) 


(EC, WP) 


0.5-1.0/A. (EC, WP) 


Tolerances - Summary 
Usage and Limitations 


3.0 ppm. 21 day pre- 
harvest interval through 
0.5 1b./A. Foliage 
application. 


Foliage application. For 
Mexican bean beetles, 
make 2-4 applications 
starting 5-7 days after 
eggs are laid. 


Foliage spray. 


Foliage 
Foliage 


spray. 
spray. 


Foliage spray. 


Foliage spray. 
Foliage spray. 

Foliage spray. 

Foliage application. 
Foliage application. 
Foliage application. 
Foliage application. 


Foliage application. 


Foliage application. 
Green beans only. 


3.0 ppm. 3 day preharvest 
interval through 0.25 1b./ 
A. Foliage application. 21 
day preharvest interval 
from above 0.25 through 
1.0 1b./A. Foliage appli- 
cation. 


Foliage application. 
Repeat at 7 to 10 day 
intervals as needed. 


Foliage application. 
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Table 19. 


ealif. 
Colo. 
Ind. 
Md. 
Mich. 
NJ 

N. Mex. 
Ohio 
Pa. 
Tex. 
Va. 


Other states 


United 
States 


Table 20. 


Ala. 
Ark. 
Calif. 
Ga. 
Fla. 
Ind. 
Md. 
Mass. 
Mich. 
NJ 
NY 
NC 
Ohio 
PA 
SC 
Tenn. 
TX « 
Va. 
Haw. 


United 
States 


*1978 data, 1979 data not available. 


Acres 
Harvest 


250,000 
750 
9,800 
2,800 
6,100 
7,000 
18,700 
4,400 
2,000 
3,600 
6,580 


SLL ou 


Acres 
Harvest 


7,700 
3,100 
32, 300 
2,300 
39,700 
1,900 
2,500 

620 
3,700 
6,600 
3,000 
1,700 

700 
2,200 
8,000 
3,000 
6,000 
2,600 

270 


128,310 


89 


Yield/ 
Acre 
Cwt 


25.40 
10.80 
14.75 
12.82 
18.61 
14.00 


18.68 
16.65 
8.70 
Te RSS) 
14.95 


OMe ey 


Yield/ 
Acre 
Cwt 


0 
0 
0 
aU 
=O 
0 
.0 
0 
0 
80.0 
0 
0 
0 
0 
0 
0 
.0 
0 
0 


67. 
130. 
208. 


247 
140. 


190. 
100. 


130. 
140. 
160. 
130. 
120. 
100. 


125. 
230. 


174.0 


Value 
1,000 
Dollars 


428,625 


3,024 
6,481 


495 ,560 


Value 
1,000 
Dollars 


18,277 
11,798 
136,337 
4,241 
244,617 
4,655 
4,230 
2,903 
9,287 
VARGEE 
9,945 
4,546 
3,046 
5,720 
18,293 
6,960 
9,239 
5,785 
2,065 


DlyG7 bo 


Tomatoes for Processing and Acres Treated with EPN (167a). 


No. Acres 
Treated 


Tomatoes for Fresh Market and Acres Treated with EPN (l67a):. 


No. Acres 
Treated 






















Gay aie aaa coca ee ee 
; al , oF cena’ oF “yin! \bilal¥ : 9 oA 
; eal Be wat muy, 2 SIDA Jaavese 
a ee) ||! | ee mm 
| - ~ €Lo Bia Gd 7h 
-- -- ta* Oi iy 
= + C02, Di tof 
— “~ a Lee hl 
—— ce bo. 4i 
~ Org aA 






\ baad‘ BeT2A 
SPOR Jeovisl 














v.46 DOT.F 
0.081 O01 .€ 
0.80% OOE , ££ 

o. 8 Ode, ¢ 

i. Tak 00T PE 

0 OeT aoe, I aa 
0.0? O62. 8 
0,02! Css 
0.801 COLE 
0.08 / U0d,2 
O.0€1 000,€ 






0.001 OOF Le 
4.06! 005 
Q.0F1 00S,5 ms 

G.051 008.8 
0.001 000,£., Sah ee : 
G.9¢ 000.8 - a 


.2c4 7 iy 


. aay 
; wah 5, 

























sa 
Pees aggooronn: 


D vs 
we! n _ a7 


Table 21. Snap Beans for Fresh Market and Acres Treated with EPN (1l67a). 


Acres Yield/ Value No. Acres 
Harvest Acre 1,000 Treated 
Dollars 


34,604 
Loses 
1,472 
#699 
1,015 
2,074 
4,858 
6,474 
5,401 
925 
(OR 
eye 
2,927 


Ala. 
Ga. 
Mo. 


NJ 
NY 
NC 


PA 


WE (CTO COQ TOMO TOORO TO Cron 


VA 


United 
States ; Pie. O59 


*1978 data, 1979 data not available 





Table 22. Snap Beans for Processing and Acres Treated with EPN (167a). 


Acres Yield/ Value No. Acres 
Harvest Acre 1,000 Treated 
Dollars 


Calif. 7,300 
Colo. 1,500 
Del. 4,900 
Fla. 13,500 
Ga. 790 
11; 9,500 
Ind. 
Md. 8,600 
Mich. 1g 500 
NJ 6,800 
NY 45,600 
NC 4,000 
Okla. 
Oreg. 38,400 
Pa. 4,700 
Tenn. 9,900 
Va. 4,000 
Wash. 2,100 
Wis. 79,300 
| Other States 27,030 


United 
States 285,220 
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Table 23. Lettuce for Fresh Market and Acres Treated with EPN (167a). 


Acres 
Harvest 


Ariz. 
Calif. 
Colo. 
Fla. 
Mich. 
NJ 

N. Mex. 
NY 
Ohio 
ie 
Wash. 
Wis. 
Haw. 


United 
States 


Yield/ 
Acre 
Cwt 


Soe @e ele (ee) &] oa] = 


Value 
1,000 
Dollars 


99,011 
379,031 
100217 
49,119 
5,228 
3,814 
6,979 
8,424 
2,702 
14742 
2,387 
2,015 
1,974 


5/07, 741 


No. Acres 
Treated 





Although EPN is registered for use on these vegetable crops, replies re- 


ceived for Pesticide Impact Assessment Survey (Ragsdale, 1980) (135) and per- 


sonal communications with State liaisons (15,17,20,23,37,43,50,59,60,64,66 


eee 0d 261521235124 514151555154,151,179,193) indicate that little, 


if any, is used for control of listed pests (Tables 19-23). 


dimethoate is the preferred insecticide. 


In most cases, 


Reasons indicated are greater avail- 


ability of dimethoate in the market and dimethoate is as effective as EPN. 


Nevertheless, EPN is considered effective for control of pests listed on 


these vegetable crops. Thus, a suitable alternative to currently used pesti- 


cides is available in cases where resistance may develop or for some unfore- 


seen reason, the preferred pesticide is unavailable. 


Applications for dimethoate (currently the choice pesticide for control 


of vegetable pests) are either by ground or aerial, but usually by ground 


equipment. The methods of application are the same using other insecticides. 


All precautionary measures on labels must be followed when EPN is used. 


Generally EPN is short-lived on foliage, reentry and harvest intervals are 


reasonable. 
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Alternatives: Dimethoate is the pesticide of choice by vegetable 


producers. Other alternatives include malathion, diazinon, endosulfan 


and parathion. 
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SECTION 5 - MINOR USE -- AQUATIC FOR MOSQUITO CONTROL 


EPN is registered for control of mosquitoes by mosquito abatement 
district personnel, public health officials and other trained personnel 
of other public mosquito control programs. 

Mosquitoes are serious pests of humans and domestic animals world- 
wide. Some species are vectors of important human diseases: malaria, 
yellow fever, dengue and certain filariasis. There are no other known 
methods of transmission. However, because of effective mosquito control, 
these diseases have been greatly minimized on a worldwide basis. Never- 
theless, they are still a serious problem in some areas of the world. 

In addition to their importance as vectors of human diseases, mos- 
quitoes are significant, nuisance pests of man and animals. Occasionally, 
populations of mosquitoes, especially the Salt marsh species, are so plenti- 
ful that humans and animals cannot remain in infested areas without 
physical protection, e.g. screening, etc. The actual physical biting and 
inhaling of mosquitoes by livestock in marshlands is known to have caused 
their deaths. 

There are about 140 species of mosquitoes in North America. Their 
life cycles and habits may vary in some details, but in general they have 
many similarities. Many species overwinter in the egg stage, although 
some do survive the winter as adults or larvae. 

Mosquitoes always develop in water which contain microscopic plants 
and animals that serve as the food source for the larvae. Eggs are laid 
on water or where water is likely to accumulate. Eggs of some species are 
deposited as a raft, e.g. Culex; or singly, e.g. Anopheles. The egg-to- 
adult time period can be very short, five to seven days, up to several 


weeks, dependent on species. 
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Mosquito abatement is most effective on a community-wide or large 
area basis. Satisfactory control depends on a knowledge of mosquito 
biology, breeding habits, life cycle, flight range, adult resting place 
and food preferences. Elimination of breeding site is fundamental in 
effective control. Under certain situations, natural control and water 
Management are often possible. In areas where the above control tech- 
niques have not been effective, insecticide control becomes essential. 

Chemical control of mosquitoes are generally conducted as the last 
alternative by abatement districts, with larvicide as the most common 
appraoch. Larvicides of choice include temephos, Flit MLO and occa- 
sionally, in nonfish bearing waters, chlorpyrifos. For control of 
adults, chlorpyrifos and malathion are the insecticides used. 

EPN is currently registered for control of mosquitoes. However, 
contact with leaders in the fields of abatement districts (143,157) 
and research personnel of both state (103,105,153) and Federal agencies 
(25,186), indicate no known use of EPN in current control programs. 

In California (143) where mosquitoes have developed resistance to the 
organophosphate insecticides, it is known that cross tolerance to EPN 
was concurrently developed (192). In other sections of the country, 
it is expected that effective control with EPN is possible. 

In southern states where flood water mosquitoes, Psorophora columbiae 
and Anopheles sp. are problems, especially in rice fields, researchers 
are anxious to retain EPN as a viable alternative for the currently 
used insecticides. As a rule, the insecticide applied for rice water 
weevil control, carbofuran, is adequate to control these species (103). 
However, the development of resistance to a commonly used pesticide 


is well established and should not be overlooked. 



























Ap 


og1af 19 oiiw-v3)aummcs © mé avis oats tee Bf Gaemeseds os lus yah 


- 


tiperg Is ovhobwond » at aineqsh fovsnes yrofoetalis? .stesee 


ao “ 
nig Qeaiin tivbs ,oxost tart ,efoys o12l ,ea8dad gaibeerd ae 


F als i othe gaiteecd Jo moltsatmidd «@ascessieT¢. boos 
a 
lav its rou es | ; .stofreyste cleyviss webs .fominos SviI3! 


‘332 3a ova 6 f iw Eo xt a” idisgas Festo sxe. das 93 : 
eee datsned fa » sbtolisseu!, ,ovtsoaiia ns sion oved 84 

i385 if) #8 bao o> ,s apSaNeY *™G agcrlupedcy Zo Leoviuus Lestnegs 
Ptr fatyvei “tlw ,asolyselb JSoadetada vd svidanae 
arte | Pia , enya, bal! ¢ saiads 40, eebtelve~ad ad 5 


oO 19 he geo Lals misw gntvaod feltnon ot ,ytian 


r r s * ra 3s 
ai sencl aft etna col telem bas eolisyqrbids ,saae 
.. ia 
1 iy JOowaies 07 Aeeddeiges vicrevivs ak WIRE 


i} 2ihotetath Sesmetede Yo ab!) ed? ol eeeheel: daivisem 

aT 
etlongsr fe sohbal™ e (ech. cOl 401) agate Bia’ io tennoeweg AdTEO RST | 
2 2 


o 
BO tuiT>> Jfteorivo te Ya 26 sev awand on sisotbnal , foe Ys 


7 somgsatieow: fade vah svat eootivpkog ersiiw (fet) niasols 7) 


~ 


aryvuiad #259 76] owornd 2! gc , Sebiol joagant *taig srinonre 


f#a> af) io. pmrhioee, yeteo as (S@i) beqolaveb vitositas 193 
an 
-ofdierny ui #92 dttw loespeo svtiostte jets bstoeaxrs ot 


io 7 * ; ke Be 
13 dhiu Lop IS OSGG's a4 ',S3otiopeen vetew boal® srpriv eestete mrodtuos. nt 


. 2 Mitoosrt ,ehhell sols at ¢ildbosqes ,aeeldere ote -73 89 ai Om 


/lLeeh rte ot) 292 stbtectstlp aidgiv # sa WIS oletet, 03. avohw . 


b. 
i 


Teta sgfs zoek betiqge whicttasent eft okie & ah 2 sb. sts ss 


a = 


(Ol) setese2 arat? iwr2aen os ail ae | Ts 
: 9 ‘ : a 


obTal tam: heme .oeinaa ». 93 co ro haw : 






‘ 

é 7 
7 a 
_ | 


7 40 f se rds ti 7 
‘hohe ) PRY a ce - 
| be a ¢ Aes 7 

, a : oe A a . 7 an 7 - | ¥ 9 
ae _ : 


=" 








oy “i 2 | L 


95 


Application: The application of EPN would not differ from that of 
currently used insecticides. Depending on the situation, aerially applied 
emulsifiable concentrate or granular formulations would be used. In 
residential areas, mist blowers and ground equipment would be applicable. 
Following of precautionary measures on the EPN label would beeaeenci ee 
especially personal protective equipment for the applicators. 

Summary: EPN was evaluated and found to effectively control mos- 
quitoes in the early-to-mid 1950's (143). Lack of proper formulation 
and other characteristics resulted in the use of other insecticides. 
Abatement of mosquitoes is generally conducted on a large area basis. 
Where insecticides are necessary, other materials are favored. Thus, 

EPN has no ee current uses. In the dynamic area of insect control, 
the development of resistance to an insecticide is a continual proba- 
bility, thus alternative insecticides are desirable and needed to protect 
humans from possible pestilence outbreak. EPN is a valuable alternative 


in the armory for emergency use if the need arises. 
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SECTION 6 — PECANS 


A. Minor Uses 


1. Commodity Information 


a. 


b-c. 


Geographic distribution - The pecan, Carya illinoesis Koch, 

is grown principally across the southern United States in a 
belt that includes Alabama, Arizona, Arkansas, Florida, Georgia, 
Louisiana, Mississippi, New Mexico, Oklahoma, South Carolina, 
and Texas. Pecans are also grown in California, Kentucky, 
Missouri, Nebraska, North Carolina, Tennessee, and Vireiniarole) iF 
Acreage - Production and Value. 1978 average (167). 

The average commercial production exceeded 236 million pounds 
in 1977 with a value of over 136 million dollars, with Alabama, 
Georgia, Mississippi and Texas being the largest producing 
States. Georgia leads in production of improved varieties 
while Texas leads in production of native seedlings. 

Cultural practices - To produce profitable crops, the pecan 
grower must adhere to cultural practices that promote tree 
vigor, stimulate fruiting, and minimize the damage caused by 
pests. For example, trees weakened by inadequate nitrogen 
fertilization and rank weed growth are more susceptible to 
damage by some leaf-spotting fungi. Conversely, too much 
nitrogen, which promotes season-long growth, can produce 
tender shoots that are highly susceptible to the scab fungus 
and pecan aphids. Many disease organisms thrive under con- 


ditions that favor summer growth flushes. Practices that 
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allow good air circulation such as wide spacing of trees, 
removal of lower limbs, and maintenance of low ground cover 
and hedgerows in summer facilitate disease and insect control. 
Ground sanitation is partially effective against most 
fungus diseases because the overwintering stage can often 
be eliminated. Ground trash, such as broken limbs, shucks, 
and insect-infested nuts, should be removed from the grove 
during the winter. Disking to turn under trash is not ad- 
visable unless no other means of debris disposal is available. 
Pest information 

The size, quality, and yield of pecans are reduced by 20 or 
more species of mite and insect pests. These pest also reduce 
the vitality of pecan trees by causing damage to leaves, nuts, 
twigs, branches, bark and even roots. Insect losses, in spite of 
control measures, are estimated at 12% or over $10 million, annually. 
The growth of the pecan industry has brought new problems in 
controlling pests. Some species that were not commonly present 
have transferred to pecans from hickories and other plants. 

Table 24 lists the currently registered uses for EPN to 
control pests of pecans. The greatest use of EPN is for control 
of the hickory shuckworm, Laspeyresia caryana (Fitch) and pecan 
weevil, Curculio caryae (Horn), the two most injurious insects 
attacking pecans, according to replies received from the Pesticide 


Impact Assessment Survey. (Replies listed on pages 197 and 108). 
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Table 24. EPN use on pecans. 


i 
i 
| 


Pecan Insects: 


Spider mites 

Aphids 

Hickory shuckworm 
Pecan weevil 

Fall webworm 

Walnut caterpillar 

May beetles 

Fruit tree leafroller 
Pecan twig girdler 
Southern green stinkbug 


Dosage of EPN 


Spider mites 
(including Twospotted spider mite, 
Willamette spider mite) 
Aphids (including Black pecan aphid, 
yellow pecan aphid) 
Mites (other than spider mites) 
Pecan nut casebearer 


Hickory shuckworm 
Pecan weevil 


Fall webworm 
Walnut caterpillar 
May beetles 


Fruit tree leafroller 


Pecan twig girdler 


Southern green stinkbug 


Pecan leaf casebearer 


Spittle bugs 


0.125-0.20/100 gal. water 
(EC, WP) 


0.38-0.5/100 gal. water 
(EC, WP) 


0.42-0.5/100 gal. water 
(EC, WP) 


0.42-0.5/100 gal. water 
(EC, WP) 


0.42-0.5/100 gal. water 
(EC, WP) 


0.38-0.50/100 gal. 
(EC, WP) 


0.42-0.5/100 gal. water 
(EC, WP) 


0.5/100 gal. water (WP, EC) 


0.42-0.5/100 gal. water 
(EC, WP) 


0.38-0.50/100 gals. 
(EC, WP) 


0.25-0.38/100 gals. 
(EC, WP) 
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Pest: Hickory shuckworm, Laspeyresia caryana (Fitch) 

Hosts: The hickory shuckworm is one of the most destructive 
insects that infest the pecan. 

Damage: Hickory shuckworms attack the nuts from about the first 
of June until harvest. From the time of ee appearance 
until shell hardening late in August, these insects can 
continually destroy the interior of the nuts. Immature 
nuts infested early in the season fall to the ground. 

It is usually difficult to see the entry holes made by 
shuckworms except under magnification. Their presence, 
however, may often be detected in newly dropped nuts by 

a powdery white stain around the entry point. Much of 
the crop may be lost to shuckworms, especially when there 
isalight nut set. 

After shell hardening, shuckworms tunnel in the 
green shucks and prevent the kernels from developing 
properly. Infested nuts may be poorly filled and may 
mature later than health nuts. Injured portions of the 
shucks stick to the nuts and interfere with processing, 
and the shells are often badly stained. 

Pest Status: In northern Florida and southern Georgia, the moths 
begin to appear in mid-February, but most moths of the 
first generation emerge in April, and a few continue to 
appear well into summer. The spring development of the 
insect coincides with that of the native hickory nuts on 
which the early moths lay eggs. The hickories set fruit 
two to three weeks earlier than the pecan. The late- 


emerging moths of the spring brood lay their small, whitish, 
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flattened eggs on the foliage and small nuts of the pecan. 
Few pecan nuts become infested with shuckworms before June 
because most of the spring brood of moth dies before the 
nuts set. Starting in June, the shuckworm population in- 
creases rapidly, with as many as four or five successive 
generations found in southern Georgia. 
Life History: Full-grown shuckworms overwinter in shucks on 
the ground or on the tree. They are one-third to one-half 
inch long and creamy to dirty white, with brownish heads. 
They pupate within the shuck in late winter and early spring 
and then metamorphose into inconspicuous moths, dark brown 
to smoky black, about three-eighths inch long, with one-half 
inch wingspans. 
Distribution: Southeastern United States, west to Texas. 
Nonchemical Control: Growers with few trees and those not equipped 
to spray may reduce infestation by gathering and destroying 
pecan shucks at harvest. Plowing the shucks under in early 
spring may aid control. The drops (small nuts) should be 
gathered and burned during midsummer. 
The use of one blacklight trap for every three to five 
mature trees will also help to reduce the hickory shuckworm 
(147). 
Alternative Chemicals: 
Dialifor: For control of shuckworms, the rate of application is 
0.5 pounds AI per 100 gallons of water as 1-2 pounds AI/acre. Do not 
apply more than 12 pounds AI per acre and do not apply the chemical 
after shucks have split. Do not graze livestock in treated groves. 
Also registered for control of pecan weevils, spittlebugs, pecan nut 


casebearer and pecan aphids. 
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Phosalone: The rate of application is 0.5 pound AI (1 1/3 pints 
zolone. EC [3 1b/gal]) per 100 gallons or 1.0 to 2.0 pounds AI (2 2/3 
to 5 1/3 pints Zolone EC) per acre. Apply the chemical as a complete 
cover spray. Do not apply more than 20 pounds AI (53 1/3 pints Zolone 
EC) per season. Do not apply after shucks have split and fore allow 
livestock to feed on treated cover crops or feed crop to livestock pro- 
ducts containing phosalone. May also be used to control pecan aphids, 
pecan spittlebug, pecan nut casebearer (west south central states only). 

Azinphosmethyl: The rate of application is 0.37 - 0.56 pounds AT 
per 100 gallons of water. Apply as a complete cover spray. Do not graze 
livestock in treated orchards. Do not apply after shucks have Split. 

Do not apply in home plantings; should be applied only by a trained 
operator. Azinphosmethyl also may be used to control pecan spittlebug, 
southern green stinkbug, walnut caterpillar, pecan nut casebearer, mites, 
leafminers, fall webworm, pecan aphids. 

Pest: Pecan Weevil, Curculio caryae (Horn) 

Hosts: The pecan weevil attacks the pecan and hickory nuts. 

Damage: Pecan weevils cause two kinds of nut damage, depending on the 
stage of nut development at the time of attack. 

The first kind of damage is caused by adult weevils feeding on 
kernels in water stage, before shell hardening. This feeding generally 
results in a drop of all punctured nuts, but the infestation may pass 
unnoticed because other insects and factors can also cause a premature 
nut drop. Weevil-punctured nuts can be identified by a tobaccolike 
stain around the feeding site. Dark patches develop on the nut surface, 


and in a few days the nuts drop from the trees. 
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The second kind of damage is caused by weevil grubs, or larvae, 
feeding in the partially matured nuts. Damaged mature nuts bleed little 
and do not drop. The grubs feed on the kernels for several weeks. When 
fully grown, about three-fifths inch long, the creamy-white grubs with 
reddish-brown heads leave the nut through circular holes about one-eighth 
inch in diameter. Infested nuts are worthless since the larvae normally 
destroy the kernels, and the shucks often adhere to the shell. This 
damage is noticeable at harvesttime and may destroy practically the 
entire crop in seasons when large numbers of weevils are present. 

Pest Status: The weevils do not ordinarily move far from the tree under 
which they emerge from the soil, provided there is a crop of nuts on 
that tree. Consequently, certain trees may be heavily infested year 
after year, while other trees of the same variety close by may receive 
little damage. Weevils apparently prefer trees growing in low areas 

and those adjacent to hickory trees. 

Pecan varieties differ widely in their susceptibility to attack. 
Early-maturing varieties such as 'Mahan', 'Moneymaker', 'Schley', and 
"Stuart' are most commonly infested. Late-maturing varieties such as 
"Mobile', 'Teche', and 'Van Deman' are usually not attacked unless the 
crop of early-maturing varieties is light or destroyed before the insect 
completes feeding and egg laying. Most hickory nuts are attacked. 

Adult weevils emerge from the soil at various times. In central 
Georgia, they usually emerge between August 1 and September 15, and in 
central Texas, in August or early in September after periods of heavy 

rainfall. 
Life History: At the time of kernel formation near the end of August, 
the females drill holes through the shucks and shells with their long 


beaks and place two to four eggs in separate pockets within the kernels. 
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Most grubs leave the nuts between the last of September and the last 
of December, but some may be later. They enter the soil to a depth of 
four to 12 inches and construct earthen cells, where they remain in the 
larval stage one or two years. They pupate between the first part of 
September and the middle of October and metamorphose into adults in about 
three weeks. These adults remain in the soil until the following summer. 
The complete life cycle requires from two to three years. 

Distribution: New York to the Gulf states and west into New Mexico G27). 
Nonchemical Control: Growers not prepared to spray and those with door- 
yard trees can reduce weevil injury by placing harvesting sheets under 

trees and lightly jarring the limbs to shake the weevils free. It may 

be necessary to climb the trees to reach upper portions. The dislodged 
beetles usually remain still and can be collected easily. They should 

be killed by crushing or by immersing in kerosene. 

Begin shaking the weevils out of trees in early August in Georgia, 
Alabama, Mississippi, Louisiana, and North and South Carolina. Begin 
after the first heavy rain in mid-August or early September in Texas. 
This should be repeated weekly until about September 15 or until no 
weevils are recovered. To determine the presence of weevils, jar a 
few of the trees known to be the most heavily infested year after year. 
If the weather is dry, few weevils will be collected, and frequent 


shaking of trees is not necessary until rain softens the ground (174). 


Alternative Chemicals: (See Table 25 - prepared by Jerry A. Payne, 
Member of Carbaryl Assessment Team) 
Dialifor: For control of pecan weevil, the rate of application is 
0.5 pound AI per 100 gallons of water or 1-2 pounds AlI/acre. Do not 


graze livestock in treated areas. Do not apply more than 12 pounds 
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Table 25. Pecan acres grown, acres treated for pecan weevil with alternative chemicals and amount used per state.— 







Weevil Weevil Carbaryl Amount Tora Amount Zolone gunt 
Pecan infested treated treated carbaryl treated Torak treated Zolone 
State acreage acreage acreage used acreage used acreage used 
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Alabama 55,000 
Arizona 1475063 
Arkansas 9,000 
California 200 
Florida 12,000 
Georgia 200,000 
Kentucky 750 
Louisiana 67,818 
Mississippi 60,000 
Missouri 26,378 
New Mexico 14,063 
N. Carolina 8,000 
Oklahoma 63,000 
S. Carolina 10,000 
Tennesse 150 
Texas 800,000 
Virginia 100 
Total 1S At oy a's 
1/ 





— Information obtained by Jerry A. Payne, Reseach Entomologist, AR, Member Carbaryl Assessment Team. 








35,000 30,000 28,500 256), 500 1,500 13,500 0 0 
0 0 0 0 0 0 0 0 
6,500 3,000 25250 22,950 0 0 450 1330 
0 0 0 | 0 0 f) 0 0 
7,200 3,600 25020 22,680 1,080 6,480 0 0 
145,000 101,500 919350 Lys G20 10,4150 126,872 0 0 
560 0 0 0 0 0 0 0 
64,358 9,409 9,409 141,135 0 0 0 0 
35,000 1,000 1,000 6 ,000 0 0 0 0 
26,378 264 264 3,960 0 0 0 0 
0 0 0 0 0 0 0 0 
500 300 210 0 0 ee 
41,850 10,962 13073 a1 OI 548 4 lid 2,102 21,294 
oF 200 4,750 3,800 28,500 0 0 950 Vemelels: 
150 60 30 150 0 0 0 0 
510,000 260,000 260,000 4,062,500 0 0 0 0 
? 0 0 0 0 0 0 0 
881,996 424,845 407,006 Ba ay 3,607 
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Table? 25. (Contd. 





Amount Amount Amount Amount 
Toxophene toxophene Parathion Parathion Guthion Guthion Malathion Malathion 
acreace used acreage used acreage used acreage used 
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per acre per season. Do not apply the chemical after shucks have split. 
Also registered for control of hickory shuckworm, spittlebugs, pecan 
nut casebearer and pecan aphids. 

Carbaryl: The rate of application is 1.2 - 2.4 1b/100 gallons 
of water. This chemical is highly toxic to bees exposed to direct 
treatment or residues on crops. 

Other chemicals registered for pecan weevil control is phosalone, 
toxaphene (being RPAR'd) azinphosmethyl, parathion and malathion. 
Use of Pesticide in Producing Commodity 

In previous reports, field tests of EPN showed satisfactory control 
of the pecan weevil and hickory shuckworm (655121-32221326,128)er It 
is applied as a foliar spray, usually with ground equipment (very 
Seluomepyaeitcratt ea Airatesofs0.42 — 0.5 pound AI per 100 gallons 
water (EC,WP) for both insects. For shuckworms, three applications 
at two week intervals when nut shells begin to harden is recommended. 
For pecan weevil control, apply foliar application every seven to ten 
days from the time that pecan shells begin to harden (About August 10- 
15) until mid-September (166). 

Do not graze livestock in treated areas. Do not apply within 
21 days of shuck split. EPN is highly toxic to bees exposed to direct 
treatment or residues on crops. 
Chemical Control: A thorough cover spray is necessary for satisfactory 
control. In pecan groves, cover sprays are applied with air blast 
or air delivery sprayers, high pressure or hydraulic sprayers, mist- 
blower concentrate sprayers and in some instances by aircraft. The 
gallons of finished spray necessary for adequate coverage depends on 
the size of tree and the type of equipment available. Table 26 gives 
the approximate gallonage of finished spray per acre required for good 


coverage on trees of various sizes with the different types of equipment. 
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Table 26. Gallons finished spray per acre to get adequate coverage using 


different types of equipment. 


TABLE I 
Type of Gallons of Spray per Acre by Tree Height 
Equipment Small (under 25 ft.) Medium (25-35 ft.) Large (over 35 ft.) 
Air-Blast 40-100 50-150 . 75=300 
Hydraulic 150 200 300 


Mist-Blower 30 40 50 





15 20 Z2 


Conventional high volume hydraulic sprayers are suitable for 
spraying trees of any size, but should be used in smaller groves of 
20 to 30 acres or less. This type of equipment requires two or three 
operators and can spray only from one-third to one-half as many acres 
per day as an air-blast sprayer. 

Air-blast sprayers should be used in pecan groves of approximately 
40 acres or larger. Adequate coverage is obtained by spraying both 
sides of a tree or in some cases, it might be necessary to circle 
larger trees. 

Mist-blowers are smaller than either convention hydraulic or air- 
blast sprayers. Adequate cover sprays can be achieved with this type 
of equipment if the sprayer is equipped and powered to cover large 


trees (86,53)° 
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ATTACHED STATEMENTS 


Several comments were received from State and Federal entomologists. These 
Statements are given by state (with limited editing) as follows: 

Telephone conversations with Dr. David Boethel, Associate Pro- 
fessor of Entomology, Pecan Research and Extension ret ionenT Out tana 
State University, and Dr. W. W. Neel, Professor, Department of Ento- 
mology, Mississippi State University, informed that no known use of 
EPN existed for control of pecan insects within their respective 
States. Dr. Boethel stated, "that it is doubtful any EPN use exists 
for pecan in the pecan growing areas of this country". 

Dr. Ted Brooks, Extension Specialist, Entomology, Mississippi 
State University, in a telephone conversation informed that EPN is 
retained in their Pecan Insect Control Guide but seriously doubted 
that any use was made in the past two years for pecan pests. 

Dr. Gene R. Strother, Extension Entomologist, Auburn University, 
Auburn, Alabama, included EPN in recommendation for pecan weevil, 
Hickory Shuckworms and Pecan Nut Casebearer. EPN appears to be more 
economical and as effective as currently used products such as Sevin. 
However, only limited use of EPN occurred on Pecan in 1979. 

Dr. John Durkin, Extension Entomologist, University of New 
Mexico, Las Cruces, New Mexico, informed that EPN is not recommended 
or used for control of Pecan insects in New Mexico. 

Dr. H. C. Ellis, Extension Entomologist, University of Georgia, 
informed that current use of EPN on pecans in Georgia is still used 
occasionally for control of the pecan weevil, and is sometimes used 
for stink bug control. One or two applications per year are made on 
possibly 1,000-1,500 acres of pecans (1 - 1% of our commercial pecans). 


The usual rate on pecans is three-fourths to one pound AI per acre. 
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Dr. Timothy W. Hunt, Research Associate stated that in North 
Carolina the recommendation of the use of EPN on pecans was done 
to give an alternate chemical that could be used. Other insecti- 
cides are registered which give adquate control and are less hazardous 
to apply. 

The loss of EPN at the present time would pose no economical 
difficulties for either producers or consumers in North Carolina. 

Dr. C. S. Gorsuch, Entomologist, Clemson University, informed 
that at the present time EPN is included in the pecan insect control 
recommendations for control of aphids, fall webworm, hickory shuck- 
worm, mites, and pecan nut casebearers. 

However, very little, if any, EPN is currently used on pecans in 


South Carolina. 
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Pecan 


Pecan 
Federal Label Directions: 


Ground equipment: 


Pecan weevil and hickory shuckworm 


Pecan weevil and hickory shuckworm - ppply 0.42 1b - 


5 lb ai per acre as a foliar spray. 


Air equipment: 


Pecan weevil and hickory shuckworm - Apply 1-2 1b ai 
per acre in minimum of 3-10 gal. 


of finished spray. 


Do not apply within 21 days of harvest through 0.5 lb ai per acre. 
Do not graze livestock in treated groves. 


Pecans (Georgia) 


Apply 0.42-0.5 1b ai per acre with ground equipment. 


Pecan weevil and hickory shuckworm 


All applicable 


directions, restrictions and precautions on EPA registered label are 


to be followed 


Parameters for control of pecan weevil and hickory shuckworm on pecans 


Form 
Package size 


1/ 


Equipment— AAYr: 


Ground: 


% applied by air 
% ground appl. custom applied 
Rate of application 


Carrier 

Approximate # applications/A 

Season 2/ 

Vol. finished spray/A— (Gis 
Ground: 


Avg. load capacity 

psi 

Nozzles 

Droplet size 

Hrs./day suitable for spraying 
fApplicators/sprayer 

Gal. required to spray 12 trees/A 
Speed of spraying 


Air-blast 


peLDSEC OT =254 WP 

10 1b bag (WP) 

Secale edriums (5 .EC) 

Fixed wing or helicopter 

Air-blast, hydraulic or mist blower 
sprayers 

PO, 


+ 10% 


Water 

3 (HS)-4-5-(PW) 
Summer 

5-25 

40-300 (air-blast) 
150-300 (hydraulic) 
30-50 (mist blower) 


Hydraulic 





500 gallons 300-500 gallons 


- 400-600 

re up to 35 gpm 
100-250 microns >400 microns 
1-3 hrs 3-5 hrs 
i 2-3 
100 gallons 200 gallons 
1-3 mph - 
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# Acres medium trees (12/A) sprayed/hr 4-5 acres 1-2 acres 
Actual spray time/A (not incl. turns, 

et.) 4-6 min 12-15 min (2-gun) 
# Hours actually spraying + 50% overall + 50% overall 
Refill time 5-10 min 5-10 min 
Est. # acres treated with EPN (1979) 5,000 
Est. # acres treatments (1979) 
Est. # total pounds EPN applied (1979) 
Est. % of groves treated with EPN (1979) 1 -— 14% 
Est. # of growers using EPN (1979) 200 
Est. # applicators a 
Est. # mixers/loaders 1 per applicator 
Est. # flaggers None 


a 


Proportion of acreage treated with different types of sprayers is 
unknown. However, large growers use air-blast sprayers, these 
sprayers become uneconomical when producing groves are less than 
40 acres. Growers with producing groves of less than 40 acres use 
hydraulic sprayers, mist blowers or have pesticides custom applied. 


The volume of finished spray applied varies with the size and number 
of trees per acre. 
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SECTION x - PEACHES 


Commodity Information 


a. 


Ce 


Geographic distribution. 


Peaches are grown commercially in essentially 33 states. 
However, there are a few other states that have a small rather 
insignificant peach acreage which is not included in those totals. 
California leads the nation in production; South Carolina is 
second, followed next by Georgia, Pennsylvania, New Jersey and 
the lesser states. Please refer to the attached "Special Peach Report", 
page 119 of Clemson University for the detailed listing of the 
32 significant states. The small Florida production reference 
(33rd state) is indicated Separately from the listing. 

Acreage and/or number of units. 

The total number of acres planted in the U.S. is not avail- 
able at this time. 

Peaches are generally planted at the rate of 80-120 trees 
per acre, the median being 100 trees per acre. In some instances 
in Florida, trees may reach a density of 180-200 trees per acre. 
There are approximately 35,000 acres of peaches in South 
Carolina, 20,000 acres in Georgia and 5,000 acres in North 
Carolina. Virginia has 3,880 acres of peaches and uses a density 
of 110 trees per acre. 

Production and value of commodity. 

During 1979, the total value of both fresh market and pro- 
cessed peaches in the U.S. (significant states) was $336,408,000. 
The total U.S. production in 1979 was 2,871.5 million pounds. 
Again, please refer to the "Special Peach Report" attached, 


pages 115-121. 
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d. Cultural practices. 


Approximately half of the peach orchards in South Carolina 
are clean cultivated. Perhaps 80% of these use herbicides in 
their program. The remaining half use clean cultivation and 
herbicides in the tree rows, and trashy eal tivation or permanent 
sod in the row middles. There is considerably less deep 
plowing accomplished now because of the root damage it causes. 

Tree density per acre varies from approximately 80-90 trees 
per acre in California up to as high as 180-200 trees per acre 
in Florida. The early season peaches are grown on smaller trees 
and have fewer fruit per tree; therefore, more trees per acre. 
Late season fruit is grown on larger trees with more fruit 
grown longer, but have fewer trees per acre. 

Pest Information 


EPN is apparently registered for use on the following pests: 


Oriental fruit moth Cottony peach scale. (crawlers) 
Plum curculio Olive scale (crawlers) 

Peach tree borer Tarnished plant bug 

Lesser peach tree borer Mites (four species) 


Lecanium scale 

The only recent use that is known for EPN on peaches was that 
used in Georgia during 1979. During 1979, it was used only for cat- 
facing insects. Catfacing insects (as a group) in Georgia includes 
the tarnished plant bug, stink bugs, leaf-footed bug, and plum cur- 
culio. These insects damage the fruit by feeding on the surface. 
These surface punctures leave scars which enlarge and cause dis- 
tortions as the fruit enlarges. The adult stage of the plum curculio 
cause the catfacing damage, whereas either nymphs or adults of the 
other three insects mentioned cause catfacing damage. 


Use of EPN on peaches 


A telephone canvass was made of 21 of the 33 states in which 


“tI 


| 
i sit 




























| sogtanany Issutly « 


7399 Tu08 af eyradeto dosaq afd 0 Died Ciemeeemongya 





web! sé ‘seu vada to °08 exeizvs® .togevisios aeelo Sin” 


2 Oe, 1) Tisd yalatanos et -eesgetq tihed7 
a 








(a 
tee iteVloloo vteate bye ,euor peed at BP eelgaidved | 
. as 
| P , 7 
i 15 ae! Junzebtegos) ar e3s0 lo phi wor eig ak bon 
i 
Hi) ts + 
| Sugcr St S¢enmpb Joo ari (o svuscoed won Sade} iqmécsce rte 
ii : 
i —— 
wo vc f<TRtl+ohwy mov? “sabre? syon yeg Veeeees oor 
rye ov QYS-O0! es dae ade of qe Sinsolriad af sre Ie 
if : : : : —_ 
i tJ uwsiinwe po qwortg os uifinasq sOanee (iene SAT  .sateelt ae 
|| 
i : 
( i * I an  srolwiee? ; 203) eq theY? s96wst sued Gas 
| - 
+intt stom i lw west ~af on owoemg al gluv? ndease sital 
or aces Yowrt eved nud -.z9gaal avorg 


mt temyolat | 


$490 Qhuweltetd oi ao 28g > Govrevelge? vijawtecqe® et Waa 
wears) ofeoe mde vant yids oD fins tiott Latoei2G 
xiveto) efmoe av hit eiivgoatss milf ~ 
i teglo jodelwzel aaved e917 Hoest 
sinsom tuets west yszed oor! iisasq teezesaT ~— 
Sians muinsoo!l 
iY 
2aw sculhacqg ao WEF sot ovdod ef isttd say tosoen Pino SAT 


vine Soe adw th ,OU8l ganized .O%eL gataeb ateabed SF b 





- 
i ties iL nigtes) af (qeety a pa) efaeen! gufastia® .adoeant os 
if a as ca 
| “Ty. 7 See . qu Hesoot-leat ,eged gnite . gud daela besa a 


sar icpe ate no gakboe? vd sive? ois ognmab ajoaanl cede 


i 


> Shun Dow goueion Wty brie atB858 evan] seine: 


i - ~@- 








of luo tid farke of) Wo amete ‘Mube ait suogratia 5 uxt 
ee ie ao habe 10 Briqueys beatin NONE PA aan 
os 7 fi fit: oe Ar: — 
Wall eS ood | silane 

Yah 
















kollel 


7 7 


) 

hee 7 
- iy ‘ 
it ae. 


jb 


peaches are known to be grown commercially. The peach entomologist 
and/or the peach fruit specialist in each of these 21 states was 
contacted. The canvass included the most important peach states, the 


eastern U.S., plus a few other locations. The 21 states are as follows: 


California New Jersey Tennesse 
Washington Pennsylvania North Carolina 
Oregon Delaware South Carolina 
Michigan Maryland Georgia 
Arkansas West Virginia Florida 

Texas Virginia Alabama 

New York Kentucky Mississippi 


In addition, the peach spray schedules for Idaho, Oklahoma, 
Indiana and Kansas apparently did not recommend EPN on peaches. 

EPN was not used nor recommended in any state, except for the 
small amount used in Georgia. It is still not recommended in Georgia. 

EPN for catfacing insects was applied in Georgia early in the 
season at the time the petals fall, until, and at the time the shuck 
falls off the peach. These two sprays are known as "petal-fall" 
and "shuck-fall" sprays. Shuck-fall is about 10-14 days after petal- 
fall, but can be as long as 21 days. Actually, catfacing insects 
continues to cause damage later in the season. Since EPN is regis- 
tered for these insects, as well as the curculio and the Oriental 
fruit moth, it could be used if necessary through the sixth cover 
spray, four weeks before harvest. There is a 21-day preharvest 
interval required on EPN. 

Only the wettable powder product "1-6 EPN-Sulfur" was used 
on peaches in Georgia because the early season sprays are often 
tank mixed with other wettable powder fungicides and are more 


compatible. The EPN EC would be used on pecans, not peaches. 
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The estimate from the U. of Georgia peach entomologist was that 
one application per year was made at 0.8 lb. a.i. per acre. 

The acreage of peaches sprayed with EPN during 1979 probably 
did not exceed 12-13,000, and could have been considerably less. 

It was apparently used in Virginia until recent years in lieu of 
parathion, but is no longer recommended there. EPN has a longer 
residual action than parathion and is consequently useful early in 
the season for catfacing insects. 

EPN would be applied by ground equipment of various types, pri- 
marily the air blast or other fixed nozzle "speed" type sprayers, 
as opposed to the manual hand held spray gun on a hose. Peach 
spraying is not normally accomplished by aircraft. Only one peach 
grower in South Carolina uses aircraft for this purpose. The rest 
use ground equipment. 

The following relative details are furnished based on South 
Carolina information. They should be comparable to Georgia con- 
ditions, and they should apply to use of EPN on peaches. 

1) Speed of ground sprayer: 2.5 mph 

2) Average gallons sprayed per acre: 200 gals. 

3) Insecticide carrier: water 

4) Average spray tank capacity: 400 gals. 

5) Average refill time: 15 minutes 

6) Average number of hours per day suitable for spraying: 10 hrs. 

7) Average time actually spraying: 7 hrs. 

8) Average number of acres treated per hour: 5 acres 


9) Nurse tanks: claimed not to be used (although some are 
actually used), and no data is available. 
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SPECIAL PEACH REPORT 
\ A: Sef O 





This is a summary of the 1979 peach crop information derived from daily 
market reports and other related data. This information is provided for its 


historical interest, and for use in planning and marketing future crops. 
REVIEW OF THE 1979 SOUTH CAROLINA PEACH SEASON 


PRODUCTION: The 1979 South Carolina peach crop totaled 350 million pounds. 
This represented 9,211,000 3/4 bushel equivalents. The 1979 production was 

35 million pounds (921,000 3/4 bushels) greater than the PO78 ti gure of 325 
million pounds. 

Of the 350 million pounds total, 343 million pounds were utilized, and 185 
million pounds (4,853 thousand 3/4 bushel) were packed and shipped fresh. The 
recorded packed and shipped peaches at this level represented 54 percent of the 
total production. 

GROWING CONDITIONS: The South Carolina peach crop benefited from ample chilling 
hours, plentiful rainfall and lack of spring frosts. Due to the favorable wea- 
ther conditions, fruit set generally was heavy throughout the state. 

More adequate rainfall caused the crop to size-up rapidly. Hail damage was 
severe in a few localities during May. The loss of peaches from this hail dam- 
age was offset by excellent size of the peaches throughout the state. 
HARVESTING: Harvest began around the middle of May in the Costal Plains which 
was a week of so earlier than last year. The quality and size of the early 


varieties were excellent. Volume gradually increased until July when harvest 


peaked. 
COOPERATIVE EXTENSION WORK IN AGRICULTURE AND HOME ECONOMICS STATE OF SQUTH CAROLINA 
CLEMSON UNIVERSITY AND THE UNITED STATES DEPARTMENT OF AGRICIIL TURE COOPERATING, WAYNE T. O'DELL, DIRECTOR 
The Clemson University Cooperative Extens on Service offers its programs to people of all ages 


regardless of race, color, Scx, religion, Or national origin and is ant qual Opportunity employer 
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Harvest of Coronet and Red Haven, both large volume varietics, was in full 

swing by the week of June 6-12 in the Ridge area. Harvest of Candor and 
miscellaneous early varieties was underway in the Piedmont. By mid-June 

harvest of Dixired and Cardinal varieties got started in the Piedmont arca. 
Harvest of the midseason varieties in the first part of July included Red Haven, 
Garnet Beauty, Harvester, Velvet, Washington and Sunhigh. 

The late varieties were being harvested by the last week of July. The Ridge 
area was picking Blakes as the Piedmont moved into Red Globes, Lorings, and 
Sunhighs. The Rio-Oso-Gem and Monroe varieties continued into mid-August. 
QUALITY: Quality, size and color were excellent this years 

MARKETING: The first F.0.B. report was issued from Columbia ssc June oF 
covering sales of South Carolina peaches. Thirty-cight pound cartons yellow 
flesh varieties U.S. Extra #1 2%'' up sold at $10.00; 2" up $8.00 some $7.50 

and 1 7/3" minimum $6.00 few $6.50. Prices for the month of June remained 
rather constant especially for the larger Sizes with 2" up ranging $9.00- 
$11.00; 2 1/8" up $7.50-$9.50; 2"" up mostly $7.00-$8.00 and 1 7/8'' minimun 
$4.00-$6.00. The market declined during July which was the peak harvest month. 
The week of July 15-21 was the peak week with 659 truckloads being shipped. 

The market structure during this period was 2%," $5550-57,.00; 2-1/5" up 35.00- 
$6.00; 2" up $4.50-$5.00 and 1 7/8" minimum $4.00-$4.50. 

VARIETIES: Some of the main varieties were Condor, Cardinal, Junegold, Earlired, 
Magnolia, Dixired, Rubyred, Coronet, Redhaven, Washington, Velvet, Redglobe, 
Loring, Blake, Jefferson, Madison, Monroe, Rio-Oso-Gem, Jersey Queen and Redskin. 
TRANSPORTATION: The national truckers strike occurred during the summer. Its 
effect on the South Carolina peach harvest was significant. While product loss 
due to the transportation and delivery schedules were the main problems. Drivers 
were mostly driving during daylight hours to avoid vandelism. They moe avoided 


areas or terminal markets where concentrated strike activity was most serious. 
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Market gluts or oversupply occurred in some markets while shortages developed 
in others. While product loss was not a serious matter; distrupted marketing 


patterns could have contributed more seriously to financial losses to the growers 


and shippers than can be herein analyzed. 





G. Ansel King, Jr. 
Assistant Professor 
Department of Agricultural 
Economics 4 Rural Sociology 
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WEEKLY PEACHY SHIT MENTS IN THE UNITED STATES 


38,000 POUNDS (1,CCO 38-pound cartors ) 


SOUTH NORTH NEw 
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si : : PRICE PER : VALUE OP 

STATE = ane — = POUND UTILIZED PRODUCTION 
er ee ee ee ee 

2 MILLION UNITS CENTS 1,000 DOLLARS 

ALA 10.0 15.0 14.0 14.9 16.6 18.5 1,490 2,490 2,590 
= 39.0 36.0 250 es 12.5 13.6 4,407 4,500 4,830 
CA 

PREESTONE 468.0 394.0 468.0 89 11.5 10,98. 41,652.) 45,5 1O0umS ImOlc 
eL0 14.5 pee 1350 Eire} 77 20 8 1,987 1,274 2,704 
CONN 6.0 6.3 5.0 24.0 29.0 32.0 1,440 1,827 1,600 
DEL ree 0p 1.5 le 10.5 13.0 300 242 195 
GA 90.0 120.0 5.0 is.2 1516 ince Sheraton alive) thie 
IDAHO 12.5 110 10.5 12.0 1265 13 0 1,500 13275 Ngo 
ILL 9.0 16.0 [530 16.4 21.9 18.5 1,476 3,504 2ant 
IND iO 5.0 4.0 23.0 2250 2:0 230 1,100 880 
KANS 9.0 5.0 5.0 15:50 17.6 25.0 13550 880 1,250 
KY pl BIA 15.0 14.6 20.0 21.0 15 2,200 38150 
La 6.5 6.5 7.0 20.0 20.0 23.0 1,300 1,390 1,610 
YD 2u0 24.0 2A0 1225 im 14.3 2,835 3,192 32003 
MASS vhs 3no J) 2ee0 29.9 32.9 70 Wwers 1.056 
MICH 55.0 60.0 ren 15) 6 16.0 19.4 8 ,=80 9,600 6.790 
MISS 4.0 4.0 Ee 0 20.0 20.0 680 800 600 
MD 1150 14.0 12.0 20.0 16.0 215 23200 2,240 2.580 
NJ ioe) 7050 90.0 W720 23.6 i6.9 18,700» 9167520" 155219 
NY 1350 16.0 bial 17.5 18.5 Z2ne ray es 2,960 1,487 
NC 35.0 45.0 50.0 12.4 16.0 i625 4,340 7,200 8,150 
OHIO 5.0 5.0 4.0 23.5 2307 26.0 76 1,185 1,040 
OKLA 9.5 8.5 12.0 i -5 1a e2 ioee 1,093 ier, 1.624 
0 18. 3.0 16.0 [4.9 leo 19.2 2 646 a aE | eeele 
.° 0 85 10 90.0 12.9 15.8 14.8 912,225 139430) 130320 
sc 267.0 300.0 343.0 14.2 1555 (3,9 S97, 914ee46.500 | 477677 
TENN 8.0 8.4 8.5 12.6 16.0 7.0 1,040 1,744 1.445 
TEX 46.0 Ba 74.0 14.0 \ZuO 20.0 6 ,440 6.290 6 .800 
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x. 


EXPOSURE HAZARDS 


A. 


PRESUMPTIONS 


On September 19, 1979, the Environmental Protection Agency issued 
a "Rebuttable Presumption Against Registration and Continued Regis- 
tration of Pesticide Products Containing EPN:" (Federal Register 44 
(183), 54384-54416 (September 19, 1979). The Agency's action was 
based on the following presumptions: 

1. Delayed Neurotoxicity 

40 CFR 162,11 (a)(3)(ii)(B) provides that a rebuttable presumption 
shall arise if a pesticide "(p)roduces any other chronic or delayed 
toxic effect in test animals at any dosage up to a level, as deter- 
mined by the Administrator, which is substantially higher than that 
to which humans can reasonably be anticipated to be exposed, taking 
into account ample margins of safety***," 

On the basis of scientific studies and information summarized 
in the Position Document, the Agency has concluded that all regis- 
trations and applications for registration of pesticide products 
containing EPN exceed this risk criterion for delayed neurotoxicity 
and that a rebuttable presumption against new or continued regis- 
tration of such products has arisen. 

2. Acute Toxicity: Hazard to Wildlife, Aquatic Species 

40 CFR 162,11 (a) (3) (i) (B)(3) provides that a rebuttable pre- 
sumption shall arise if a pesticide's use "(r)esults in a maximum 
calculated concentration following direct application to a six- 
inch layer of water more than one-half the acute LC.4 for aquatic 
organism representatives of the organisms likely to be exposed as 


measured on test animals specified in the Registration Guidelines." 
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On the basis of scientific studies and information summarized 
in the Position Document, the Agency has concluded that all regis- 
trations and applications for registration of pesticide products 
containing EPN, which are applied directly to water, exceed this 
risk criterion, and that a rebuttable presumption against new or 
continued registration of such products has arisen. 
3. Additional Grounds for Review 

The Position Document contained some data associating EPN with 
teratogenic and muscular effects, cholinergic effects, disorders of 
the eye, possible mutagenic effects, potentiation of other compounds 
by EPN, and reduction in population of nontarget organisms. The 
data and analyses available at that time with respect to those ef- 
fects were not sufficient to warrant the issuance of a Rebuttable 
Presumption. The Agency specifically solicited further evidence 
bearing on these possible adverse effects, including analysis thereof, 
to provide a basis for a final decision on registering pesticides con- 
taining EPN. 
DISCUSSION OF PRESUMPTIONS 
1. Delayed Neurotoxicity 

The Agency has concluded that all pesticides containing EPN 
exceed the chronic risk criterion relating to delayed neurotoxicity. 
Histopathologically, as described by Johnson (72), delayed neuro- 
toxicity appears to be a dying back of the axonal region of the 
neuron with secondary damage to the myelin sheath. The phenomonon 
is initiated by some organophosphorus compounds such as triortho- 
cresyl phosphate (148) and leptophos (2). The characteristic clinical 
symptom in sensitive species is ataxia which usually appears several 
days after exposure. Because of its sensitivity, the chicken hen 


has been the species of choice in neurotoxicity testing. 
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There are 13 studies that are referenced in regard to delayed 
neurotoxicity in chickens: 

1. A Communicable Disease Center test (30) examined the ef- 
fects of dietary EPN on hens over a 120 day period. 

2. Durham et. al. (41) studied effects of subcutaneous EPN 
on atropinized hens. 

3. Witter and Gaines (191) studied the effects of a single 
subcutaneous dose of EPN on hens. 

4. Aldridge and Barnes (3) studied the effects of a single 
subcutaneous dose of EPN-oxon on hens. 

5. Gaines (52) examined the effects of a single subcutaneous 
dose of EPN on atropinized chickens. 

6. Frawley (51) studied the effects of dietary EPN on hens 
over varying periods. 

7. Kaneko and Sakamoto (76) examined the effects on hens of 
two oral doses of EPN, 21 days apart. 

8. An Industrial Biotest Laboratories (67) test also examined 
the effects of hens of two oral doses of EPN, 21 days apart. 

9. Ohkawa et. al (120) studied the effects of single intra- 
peritoneal doses of EPN optical isomers on hens atropinized immediately 
afterward. 

10. The DuPont tests (38) are two-year chronic toxicity feeding 
studies, unfinished at this writing. 

11. Sakamoto (142) studied daily dosings of hens with EPN over 
a 28-day period. 

12. Abou-Donia and Graham (1) studied the effects of three 
months of daily oral doses of EPN on hens. 

13. The DuPont tests (39) are a continuation of the two-year 


feeding studies currently incomplete. 
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In the study by the Communicable Disease Center (30) muscle 
weakness in the legs was noted in hens on diets containing 50, 100, 
and 200 ppm. These were calculated to be 0.6, 1.9 and 1.8, and 2.4 
mg EPN/kg, with this Symptom beginning as early as 25 and as late 
as 50 days into the 120-day feeding study. There were no histopath- 
Ological examinations. 

When hens were atropinized before single subcutaneous injec- 
Etene of EPN at 60 mg/kg (41), leg weakness occurred immediately in 
all animals. The lowest dose producing this effect was 40 mg/kg. 
Muscle weakness was irreversible, with one survivor exhibiting this 
symptom 308 days after dosing. 

Witter and Gaines (191) dosed hens subcutaneously with a single 
60 mg/kg level. Paralysis lasted from the first day throughout 
the experiment. 

Aldridge and Barnes (3) administered Single doses of EPN-oxon 
subcutaneously to hens. At 10 mg/kg, some birds exhibited ataxia 
characteristic of delayed neurotoxicity. Histologic lesions were 
observed but not described. 

Gaines (52) administered single doses of EPN subcutaneously 
to atropinized chickens. The lowest dose producing leg weakness 
was 40 mg/kg while the highest no effect level (NOEL) was 20 me/ke. 
Some animals exhibiting leg weakness failed to recover completely 
beyond the 303-day observation period. 

Frawley (51) fed a diet containing 300 to 600 ppm EPN for five 
to 14 weeks to hens. The hens exhibited progressive muscular weakness 
and ataxia with eventual inability to stand. Histological examination 
revealed fragmentation and lysis of axons, swelling of nerve fibers, 
and myelin degeneration in the sciatic nerve. In a separate study, 


hens fed 50 ppm over a seven month period demonstrated slight to 
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moderate clinical Signs indicative of delayed neurotoxicity. 

Kaneko and Sakamoto (76) gave oral doses of EPN ranging from 
22.2 mg/kg to 48.7 mg/kg once at the beginning and again 21 days 
later. No paralysis was observed in any of the survivors. No 
description was provided of the clinical status of any ati the animals 
that died during the experiment. 

The Industrial Biotest Laboratory study (67) indicated that 
hens were given a Single oral dose of 28.8 mg/kg of EPN at the start 
and again 21 days later. Hens exhibited severe ataxia, severe lethargy, 
and anorexia within 30 minutes of each dose. The majority of the 
Survivors were normal within 48 hours of each dose and no behavioral 
signs of neurotoxicity were noted. Histopathology on the birds did 
not reveal any axonal degeneration or demyelination. 

Ohkawa et. al. (120) administered Single intraperitoneal doses 
ranging from 31.2 to 89.2 mg/kg of the optical isomers of EPN to hens, 
which were atropinized immediately and six and 24 hours afterwards. 
Paralysis of the legs developed in the hens dosed with (-) EPN and 
racemic (+) EPN, occurring ten to 14 days after treatment, and ap- 
peared to be irreversible through four weeks observation. No para- 
lysis was observed with the (+) isomer at any level. Histology 
showed degenerating myelin sheaths and swollen and fragmented axons 
in the sciatic nerve, and cervical, thoracic and lumbar regions of 
the spinal cord of the (-) EPN treated hens. The (+) EPN treated 
hens did not demonstrate these changes. Histopathology was not re- 
ported for hens fed the racemic EPN. 

The DuPont (38) progress report examined hens fed hl I tl 
or 45 ppm dietary for two years. After 31 weeks, most of the sur- 


vivors on the 45 ppm showed clinical signs of neurotoxicity ranging 
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from slight intermittant to severe ataxia. Ataxia first appeared 
after 17 weeks. No clinical abnormalities were seen in (0 PM ile me he 
or 15 ppm EPN. Preliminary histopathology (39) at 50 weeks was 
reported. Treatment-related changes were observed in the spinal 
cords and brains of hens fed 45 ppm, while no lesions were attri- 
butable to EPN fed at 1, 5 or 15 ppm. No changes were evident in 
the sciatic nerves of any dose group. This study is incomplete 
at this writing. 

Sakamoto (142) dosed hens with EPN at the rate of dq oaand 
10 mg/kg daily except Sunday's for 28 days, and observed them for 
an additional 21 days. Approximately one-half of the hens on the 
highest dosage demonstrated mild ataxia beginning 23 to 42 days from 
the start. None recovered during the observation period. No ataxia 
was observed at 1 or 3 mg/kg. Results of histological examinations 
are not available. 

The more recent study of Abou-Donia and Graham (1) seems to have 
carried the burden of responsibility for the rebuttable presumption 
of EPA. In these tests, hens were given single daily oral doses of 
UPN Pitetne spanessornO.0L, 0215) 0.55. 150, 2.5.. 5.0 and. 10 me/ke, for 
three months. Survivors were observed for an additional month. 

All hens receiving 2.5, 5.0, and 10.0 mg/kg demonstrated acute 
cholinergic signs shortly after the first dose. Five to 21 days 
after starting the test, ataxia was observed in all hens receiving 
EPN at 0.1 to 10 mg/kg. No abnormalities were seen in the animals 
receiving 0.01 mg/kg. 

The severity of clinical symptoms was dose dependent. Even 
as low as 0.5 mg/kg all hens exhibited total ataxia, while at 0.1 
mg/kg, the clinical condition of most of the hens progressed to total 


ataxia. Histologically, swollen and fragmented sheaths and axons 
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in the spinal cord were found in some of the hens fed 2.5 and 1.0 
mg/kg. No histologic abnormalities were found in the hens receiving 
0.5 or 0.1 mg/kg, except one hen at the last level which showed 
perivascular lymphocytic cuffing in the thoracic cord, but no neuronal 
or myelin degeneration. 

Sciatic nerve degeneration was observed only at the two highest 
levels, 10.0 and 5.0 mg/kg. No lesions were observed in brains or 
retina and optic nerves of EPN-treated hens. 

These studies fall into two categories, daily dosing of hens 
for an extended period and single doses by different routes. The 
most sensitive or easily identified clinical response in hens is 
ataxia and was noted in daily exposure as low as 0.1 mg/kg by Abou 
Donia and Graham (1), approximately 0.5 mg/kg in the DuPont study 
(39), 0.5 mg/kg by Frawley (51), and 0.6 mg/kg in the CDC study (30). 
The highest daily exposures in which no clinical effects were ob- 
served were those of Sakamoto (142) in hens dosed with 1 or 3 mg/kg/ 
day and the DuPont (38) study with hens fed approximately 0.2 mg/kg/ 
day. 

From these data, it appears that there is a wide variation in 
response to EPN when using ataxia as the criterion. The most extreme 
variation is the Sakamoto (142) data indicating no clinical effects 
at 3 mg/kg while Abou Donia and Graham (1) observed ataxia at 0.1 
mg/kg, a 30-fold difference. Excluding these two extremes, the range 
of no-response doses narrows from 0.2 to 1.0 mg/kg within which the 
highest no effect level probably lies. 

2. Human Exposure 
(a) Food Residue 
The position taken by EPA on EPN residues in food does not 


appear valid for cottonseed or other food crops. Under present 









x 
ast | r 
} ; 


| a 


<a 


t bes ¢.2 bet ese’ of) to shoe ut Aewed ete boos laatge, oft at 


eo al 
An ivieoe? gam! edt wt Sano) wtovaabs i femsoads sigoteguis oft +R \2 : 


Pa ai 
bawaie Potriw Lowel gust afs 2% esd ono Squaue ,ysl\en F.0 ve € 
ules a 

























sows Of icc .b3o9 ofoe7oNy edt at gabtYer atovomfame!l telusesv 


a. 


= one 
2 barecegeb alleys 70 





Adsi ce) aiff je yhow bertwado ow nobsaversess evren nisatsa = om 


Sie 2 Ts «: ay @ ae” tae Seas 204 yt qe \er 0 2 brie se vetovst 3 
2#ed BS¥eatsa-W1 Yo aswoen obs a eahiey 


-_ 


a1 30 giao YIleG ~avlsoneteo ew? off) Lin? eatbuse seadt : 


LD aoeoh slanke hw bostea “Sabasirs naz 208 af 


cae: ook ar. ms 11 r 


\ 





> 
| “il 4 bri [ \iwebt wilewe vo eyvitiersa Jace | 
woth vt ul\om 1.0 ol be TDavems Yileb mi bejan baw Soe nhbeese 


tao oft ut ofigw 6.0 vfoseutvotede’,(T) eedeqd ‘Bos sicod © 


a 
(CO) vie 29 ot af gil on 0.0 fam C12) eedwnst vd a¥\am 2.0 , (CE) 


io stew 2359374 Loslttie of dofdw nb aawwecem Vitob 3e5dgta adt 
far Cte iw Swhob elwd mi (ORL) ptagmede® lo seorle sxaw bevise 





n\.C QaTantxoaqde bald arsed daly vheoe (84) teed sd bre ab 


‘i Sos TGsSeyv S5ony @ oF crete Imdd augeges 31 ,ntab eseads mort 


| mi 3uey y a nerssiits av? an oieots pula sodw MTT 33 SP00gast . 
) 


a 
= 


‘f Lasleztio- ce galamolinr ata (SAL) daomeds® afd Ot Rorgs 
| \ Th @ixoce Liwteain (1) madera bee ebood ooda ofiiy sti CE 
Worry Sh) 2409 Tee gwd seed? galialsel (sacess?tih bfoior > a \ge 

J cotww Shtten ga\ge 8.2 82 2.0 goxt awotist @eaob nitoiaret ‘ 
a 

040% yidadesq ca aoutte: ol Dione lext 


bil - 


_ Hib yes oes. re 


Pepe Tron 
wee sie hs 4 oe 


| n = ned : ie Ves 
7) aly nt a - ae ¥ hat iy % py | iS. 
a ae ms: 


i 










129 


use patterns only half of the cotton crop is treated with EPN, thus 
the residue value for cotton seed oil should be only one-half that 
calculated for worst-case, 0.00001 mg/kg body weight per day. 

For the remainder of food crops, it is inconceivable that resi- 
dues would occur on all such crops at tolerance. Considering the 
insignificant use of EPN on food crops, it is extremely unlikely 
that asmuch as 10% of the food crops could cerry tolerance residues, 
particularly in view of the Market Basket studies which show no EPN 
residues at any time. The significance of EPN is such that it is 
not even listed as a pesticide that is analyzed for in the FDA Market 
Basket surveys (73,74,97). 

The random FDA monitoring survey revealed that EPN was detected 
nine times in 1978 and only four times in 1979 (131). In this same 
study, methyl parathion, a companion insecticide, was detected 113 
and 58 times, respectively. 

Further, the RPAR document presents a calculation of the theo- 
retical daily intake (TDI) of EPN based on the tolerance levels for 
EPN established in the U.S. for the various foods and the percentage 
each food contributes to the average daily intake of a 70 kg adult. 
On this basis, the calculated TDI of EPN is 0.016 mg/kg body weight 
per day. Considering the present and past use patterns of EPN and the 
Market Basket studies, this figure is easily ten-fold that which 
could be encountered under worst-case situation, in that virtually 
no EPN is found in the diet. 

(b) Application Exposure 

The Agency has concluded that EPN exposure to aerial and ground 


applications, field workers and cotton scouts who enter treated 
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fields soon after application and to unprotected bystanders does 
not provide an ample margin of safety. There are few if any data 
to support this action. For instance, in the Summary of Reported 
Pesticides Incidents Involving EPN (133), only 16 of 24,320 incident 
reports, covering 12 years, involved EPN. Of the 16, only 11 were 
associated with application, or less than one application illness 
per year attributable to EPN. The applicator-exposure study conducted 
by Velsicol (176) is the most recent and EPN-directed of any exaoetice 
data available. They concluded that dermal exposures were higher 
than respiratory exposures and that both routes could be reduced 
6 

by utilizing improved handling techniques and using personal protective 
equipment. Because flagmen received the greatest exposure, it was 
recommended that their function be replaced by using fixed landmarks 
where possible, otherwise they should wear appropriate equipment. 

Cotton scouts entering fields treated with EPN are required to 
wait 24 hours after application, or wear protective clothing. Recent 
dislodgable studies by Ware (182) show that the half-life of EPN on 
cotton foliage is approximately 24 hours. This compares with Guthion 
and Azodrin (21) whose foliage residues decline at about the same 
rate under Arizona conditions. Two studies involving human reentry 
into cotton fields treated with Azodrin (183,184) demonstrate red 
blood cell cholinesterase depression in subjects entering 24 and 48 
hours post-treatment. Based on the similarity of cotton foliage 
residue disappearance, curves of EPN with Azodrin and the higher 
dermal toxicity of EPN than Azodrin (30-50 vs. 354 mg/kg, respec- 
tively), it would seem appropriate to reexamine the 24-hours reentry 
interval for EPN. With these three papers as a basis, it is recom- 


mended that the reentry interval for EPN be increased from 24 to 48 


hours. 
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And finally, one of the most Significant studies influencing 
the Agency's RPAR EPN final decision should be the early study examining 
the effects of ingested EPN on human subjects (108). In these tests, 
there was conclusive data presented that no observable clinical 
Symptoms were noted in subjects receiving 9.0 mg EPN for 56 days, 
the quivalent of 0.13 mg/kg/day. Additionally, potentiation was 
examined with malathion, the classical combination. Even with the 
maximum daily dose combination (6.0 mg EPN and 16 mg malathion for 
42 days), there was only slight (15-20%) depression of plasma and 
red cell cholinesterase. Apparently potentiation was not observed 
in that greater red cell ChE depression was found in the subjects 
receiving 9.0 mg EPN/day alone than in the potentiation tests. Fur- 
ther, there was no evidence of delayed neurotoxicity in the subjects 
receiving 0.13 mg/kg EPN/day for 56 days. Doubtless this is the 
most persuasive and to-the-point documentation available for es- 
timating the no-effect-level and determining the probability of de- 
layed neurotoxicity in humans. 

3. Acute Toxicity: Hazard to Wildlife 

The only use registration for EPN involving direct application 
to water is its use as a mosquito larvicide. This registration 
limits use to governmental agencies employing qualified personnel. 
Application is restricted to standing water such as irrigated pas- 
tures and various lowland areas subject to poor drainage. In these 
areas, little if any, aquatic wildlife is exposed and, thus, there 
is no unreasonable hazard to aquatic wildlife. 

EPN is registered for use by mosquito abatement district per- 
sonnel, public health officials, and other trained personnel of 
public mosquito control programs as a mosquito larvicide. These 


groups employ qualified personnel who are properly instructed and, 
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thus, fully capable of following a well designed label and use di- 


rections which should read: 


This product is toxic to fish, birds, and other 

wildlife. Keep out of any body of water. Do not 

contaminate water by cleaning of equipment or dis- 

posal of wastes. 
Unfortunately, all EPN product labels do not contain explicit hazard 
warning statements similar to these. At least one product does not 
contain such warning, Reg. #7001-7720. 

EPN is applied for mosquito control to water that does not 
normally contain fish. Moreover, acute effects, if any, would be 
temporary because EPN is nonpersistent and rapidly degraded (85,75). 
DuPont found that, "under field conditions, in soil treated with 
14 CEN at a rate of 1.8 pounds active/A, the half-life of intact 
EPN ranged from about two weeks in a Mississippi test to about one 
month in a Delaware test.'' In laboratory water samples of buffered 
solutions, the half-life of EPN was found to be one to two months 
at pH 7 and one to two weeks at pH 8 (187); these results were based 
on residual anticholinesterase activity as a function of time. 

Malathion, a chemical even more toxic to aquatic species than 
EPN (see Table 27), has been a major world-wide mosquito larvicide 
for many years. EPN and malathion are both nonpersistent organo- 


phosphorus insecticides. There is no reason to suspect that EPN 


represents more a hazard to aquatic wildlife than malathion. 


Table 27 


COMPARISON OF ACUTE TOXICITY TO AQUATIC WILDLIFE 
LC. (PPB) 


Species Malathion 


Rainbow Trout 100* 
Bluegill 120* 
*USDA Handbook, 1974 
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When considered with the method of use, labeling and specific 
directions for use, and widespread and commonly recognized practices 
of use, EPN is not likely to result in any unreasonable hazard to 
aquatic wildlife when used as a mosquito larvicide. 

Other Potential Adverse Effects 

The third category of potential adverse effects listed in the 
EPN RPAR includes teratogenic and muscular effects, cholinergic 
effects, disorders of the eye, possible mutagenic effects, potentiation 
of other organophosphate compounds, and reduction in population of 
nontarget organisms. The categories of potentiation, cholinergic 
effects, and reduction on nontarget organisms are well established 
in the scientific literature and with the exception of potentiation, 
are characteristic of all organophosphate and carbamate pesticides 
and should not become even potential "triggers" for RPAR of EPN, 
just as they should not for other OPs and carbamates. 

The categories of teratogenic and muscular effects, eye dis- 
orders and possible mutagenic effects have been reasonably questioned 
or discounted in the DuPont, response to the RPAR on EPN (40). that 
of Marubeni America Corporation (98), and in exhibit 1, of Nissan 


Chemical Industries, Ltd. (118). Though these effects are possi- 


bilities, they are not supported by adequate published research 


and should not be used by the Agency in making their final decision 


on the "Ample Margin of Safety" to personnel working with EPN. 


























£ft 


tikosge bea gaifedsl ,séuv de bortem INT ative berabtemos coda | 
oe ha®lndosst eta bas Pvetqaabiw acy , eae ro? ancd33 

3 Lroset sidemiensum Yas at Jfeeot oF UledkL toe ah 495 oa 
-shtotuyvel osinpeon « es beau aatie shiikfie shaupe) | 

ni2021# sexevbA tebsasso4 rei a 


ai7 al bogatt stoo) lo sexvegbe Lalinuscica ta vrogeian belts sdT 


= oo 
me Pi - 
.S 


woortlads ,usselie sedezéne hus showy Ieae? asbulant AAT ed 

ol cab isto onus olaagetur sidiuac, ,oaya 303 Be Ste oe ee ; 
io poltelivecy ai cotysuber Alte \uuoero osedgaotyqonegve weltio Be rz 
akgzesiioets ,woej}Jatinesaa te eafrogai na el? .anulossro Jjogyaigag 
elaliditee Liow ssn eméinegra posverece no. wot emshes brs ,atoetia N 
latinozo< In nofsesors sit dtiw tow eteawwesll abbidgasios wid ark 


ssb2uks#eq steered ta ba Leojaonqneagso (i6 Ty 26922 s9scmzedo $36 


2° Fil ea “agopelrt” Lebenetou asve enaded jon bivota bam 7 


ausoraesey bye (7 Fase 1O} Jop Blvode yes as Feats 


bib $e .sfag*is. mivotue bos skatgudgeves to aeltogedso saT 
p : 
butler 2itaroercr teed dved aloetls olmegasum etdiecog bar embie ee 


7 
® 


: _ 
jets . (0A) WMG ao BA98 as of Gkoedesx ,jnotvd aft at batsueoeth re 


nfasliW To .f 3J¢didge wf Boe , (80) eabterogyeS oolaemA! Ensduzad je 


“faaeq S16 statis seeds Cqunfl .(8LT) bat ,sotvaevbal Lestaoddy 


> 
tare+sa budetiduy steueete yd BAetoqque Jon san ved? .estabikd 
— 
culetvey Loni t clots yitiios of yonegh effe vd bouy od som tivoda has 


— 


UW Asbw anidvew loniewq of “ysslet to abgrtelt siqmA" ait 





References 


~ 
» 
& 
hall o : : 
| a 
| + 
- rn 
. 
i 3 5 
: ~ 
Qc 
-~ 
oi 
-- , 
<a. val | 
= 
~“ cr <a 7 
— 7 - 


ON 








10. 


AU 


2s 


ee 


14. 


134 


About-Donia, M. B. and D. G. Graham. 1978. Delayed Neurotoxicity 
of O-ethyl O-4-nitrophenyl phenylphosphonothioate: Subchronic 
(90 days) Oral Administration in Hens. Toxicol. Appl. Pharmacol. 
45:685-6700. 


About-Donia, M. B and S. H. Preissig. 1976. Delayed Neurotoxicity 
of Leptophos: Toxic Effects on the Nervous System of Hens. 
Toxicol. Appl. Pharmacol. 35:269-282. 


Aldridge, W. N. and J. M. Barnes. 1966. Further Observations on 
the Neurotoxicity of Organophosphorus Compounds. Bioche. 
Pharmacol. 15:541-548. 


Amemiya, M. 1980. Extension Entomologist, Iowa State University. 
Personal communication. 


American Soybean Association. 1976. Soybean production maps. Soy- 
bean Digest, Hudson, Iowa (set of 4 maps). 


Anonymous. 1979. 32nd Annual Conference Report on Cotton Insect 
research and control. USDA-SEA-AR in cooperation with 14 
cotton growing states. 


Averell, P. R. and M. V. Norris. 1948. Estimation of small amounts 
of 0,0-diethyl O,p-nitrophenyl thiophosphate. Analyt. Chem. 
20(6) :753-756. 


Barnes, Gordon. 1979. Extension Entomologist, University of 
Arkansas, Little Rock, Arkansas. Personal communication. 


Barnes, Gordon, Bill F. Jones, and W. P. Boyer. 1972. Control 
Insects on Soybeans. University of Arkansas, Cooperative 
Extension Service, Leaflet 193 (Rev.). 


Barnes, Gordon and Charles Lincoln. 1980. Response to questionnaire 
on EPN usage on cotton in Arkansas. 


Barnes, Gordon, Marvin L. Wall, and James Kimbrough. 1979. Cotton 
insect management program. Arkansas Cooperative Extension 
Service, Leaflet 52 (Rev.). 


Benson, G. 1980. Extension Agronomist, Agronomy Department, Iowa 
State University, Ames, Iowa. Personal communication. 


Berry seo eceeecontrol of Eurepean torn boreryin 19/8. 1979. Iowa 
State University 3lst Annual Fertilizer and Ag Chemical Dealers 
Conference. EC-1398. 


Berry, E. 1980. Research Entomologist, U. S. Department of Agri- 
culture Corn Insect Research Laboratory, Ankeny, Iowa. Personal 
communication. 


eet 
























































jitotuczouwe begetod 85°) .medead .o .o bak a cnlacdtih 
nov sue tasaokdsoridiqeddglugedg Iyaedqott trode) iytis-0 io pi 
credl .iqgAéA .logiee? «deel at wolsatiebobaba Ia%) {aye He} 7 
sepeh bat td cc: ; ‘ 
‘ ee 
‘wore! beveled ove ghettesd .H a beso & “ .atmod= tye 
cash to aetaye syowrl af) ao atyet?l oloeT * iwodqosqed 26 7 : 
raG-WAG: ee Iosemrett .lgqk .Lontxol? ; 


. <> 





t 


. a4 4 
a9 oevlinvosadd serpy 360! vorrei .&/ .l boa of OW -ophrxBla: 
efoori .ehmemeguod ac zone auigorants) 3 valotxozo71se od? - 


Ben Latr el - bo amare tS 


husavigu sipd@ awol .takgofonotaS notenetn3 .08@1 4H -aylen 
.catseoltepmos lanverel 


¥u2 Mom ub) Jat wy Moe dye ? att vi TOLBRL oRiA Tet org? neo lyemA. 
‘\2Gee A le 394) ewol ,oeehun ,tapghl masd : 
tosaGl ao3soc5 fo J teqed ssabtaizod faved ball eier BUONO EL, 


iat 
‘ft. itiu aatraereqoos at BA Ag A200 loriee> ban dosasaay 


* 
RS)e28 aniwory nosdo9 


“ama [lage *o mlsemiied  <BHe) -2iztywur .v hoe .f 14 -ifewva 


‘ » te 4 - 
ok wae 6. 83eteaotgntty feestienss2e-@.0 lultath-0,0° io 4 
p = 
-BET$EE 03 -(6)05 
sciavinU ,sqgleniowuseal wetenates OTC] ecabtod ,asK 


foitsorne~y leowaret -lamtnadtA ,dooll of1g2t (Ramen sh a 

Bey 5 S 8. avon 24 |W bose (aanel ..T Fite ee conrad: 

avitstangoe ,amimeavA Ie yitessvint . anaedvo® no ajosant- io 
Wot) OC! telias. ,eplvre2? cofensted 


Sttacwusysa. > OF Gageqeed .08Pf .aloontt asized? bas nobrod ~2R 
-BeeneitA tf gotiog no Sgeeu WIE wo 


nalts) TPL  doderdalll enmel: baw .TiaW wf aivxaé ~5b702 eons 
notensgzd sviigwegen eennsatA ‘AS199T2 Sawregsnad Josagk © 
+! .wat) S@ selteal ,polvese 
vol eeereeies * Momo RA ,jebeodesgA moteveixd .08Ci .o Piss 
olTsateymeps danowse®  awol .nowh WiietavioU 234928. 


awot Q0eb .Av8l eb veved wied nesqotud Yo forine3 =.2 
Preise! feolnedd gA tas vesblharel Leunnd a81€ hie paattoiad nae 


| ie Hie 
- rae iy 
, ? ry "ue : 
: _ a ; - Dt faa oe oe < vd 
a oi - ay re ee 1 ag . 
| rey are Are), Sear e 
| each 


~iwaA 15 tragtaaqe .2 0 pitied dieidiile d21pae0F 
leroeret 640k .ynodnA .x10deteded aypeeneh, anaes 5 












l4a. 


15. 


boys 


Li 


18. 


19; 


20. 


Pate 


22". 


Z3e 


24. 


2% 


20. 


pie es 


256 


135 


Berry ey bsr ces eer. Robinson, W. G. Lovely, and G. M. McWhorter. 
1974. European Corn Borer: Field Trials with Insecticides. 
Proc. North Central Branch - Entomology Soc. Amer. 29:128-131. 


Bohmont, Bert. 1980. Personal communication. Colorado State 
University, Fort Collins, Colorado. 


Brindley S"r>"A.and Fe Dicks. "1963. Significant Developments in 
European Corn Borer Research. Annual Review of Entomology. 
8:155-176. pp. 156. 


Buchanan, Gale. 1980. Personal communication. Auburn University, 
Agronomy and Soils Department, Auburn, Alabama. 


Burleigh, J. G. 1972. Population Dynamics and Biotic Controls of 
the Soybean Looper in Louisiana. Environ. Entomol. 1:290-94. 


Buschman, L. L., W. H. Whitcomb, T. M. NWeals anc Debs Mays. | 19) 7, 
Winter Survival and Hosts of the Velvetbean Caterpillar in 
Florida. Forida Entomol. 60:267-73. 


Byrne, David. 1980. Personal communication. University of Arizona, 
State Pesticide Coordinator, Tucson, Arizona. 


Cahill, W. P., B. J. Estesen, and G. W. Ware. 1975. Foliage 
Resdidues of Insecticides on Cotton. Bull. Environ. Contam. 
POST COL Se 5 C3) 534-3397. 


Canerday, T. D. and F. S. Arant. 1967. Biology of Pseudoplusia 


includens and notes on biology of Trichoplusia ni, Rachipulsia 
ou and Autographa biloba. J. Econ. Entomol. 60:870-71. 


Capizzi, Joseph. 1980. Personal communication. Oregon State 
University, Department of Entomology, Corvallis, Oregon. 


Garner, G. R., M. Shepard, and S. G. Turnipseed. 1974. Seasonal 
Abundance of Insect Pests of Soybeans. J. Econ. Entomol. 
67:487-93. 


Chapman, Harold. 1980. Personal communication. University of 
California, Soil and Environmental Sciences, Riverside, 
California. 


Chiang, H. C. and A. C. Hodson. 1959. Population Fluctuations of 
the European Corn Borer, Pyrausta nubilalis, at Waseca, Minnesota 
P945—=1997. Ant. Entomol. Soc. Amer. ~522710-/724. 


Gholson, Larry E. 1980. Response to questionnaire on EPN usage on 
cotton in New Mexico. 


Coan, Roderick M. and Jack E. Housenger. 1979. EPN Benefits Assess- 
ment Team Resource information USDA-SEA-AR. 


ct 












































sIrodHoM .M LD bra vii .o .W ,foantdoe <T .0 4.5 .A pera 
bioltiseent Asiw eleisT biers Sxsrot nroD aasqoer® fel oe 
“3 - domatd Inrzde) Hsien poosT 


a) 
— 
2 
) 
= 
ir 
2 
# 
a 
> 
. 
bel 
’ 


£72 obsitoiad oltunotrageron ierewero® 0801 —- ted ‘Yooudoll a 
sobacealfed .aekifo) s3079 vitersvial ; 


Via oO; 


Di ot ifavy ? n5i7T) Le ‘3 i sato it .% irae A es , va fbattd 
a 2 jo watved feenmh .dogsoad? rer0d ayod assqoril 
22? .a¢ {[-é¢'s8 


es 


izwvist! studzA .ootteoiemmrep Teaorret 0881 .afeS Grersdoug) _ 
= . - .* 
@) oce ; TT ct) re - ie + al ie Mire "tt ah . 
Temes! a 


wy 


- C + coin , 2 etry ta tog 7 cier 3 ee , (gisixet 
S linet ag iO” ld + UO a t at weaqool itesd yor gat = 


i 
_ 
: = 

a “sale. ae |. ~dincsstaW HW... oP oat ge 


reac naesdiev ley soi Yo @faet tee Lavivoand. + tat 
i - a , 
Mi! O¢ Lnpsosgas 6 Tod Bhitolt _ 
~ 
i* : raja , rer.oa hic nugere YJ 751 .bived sntya «f : 
ot TA Yoesg? , shteehbrie? ebisisest 2238 7 
7 
1 bwe .regates .L .4 ,..9 30 , Ebi 
no Re" ivn a af “t @ebistospaenI Yo partes 
\EERGEEt CE) ET oslixoT 


LC oR ro AG vee] 2neatA .2 .T Sas &-sT ‘Ysh rete. 4 





¢ .'s clevhontaiyt le ygelntd ao woven we saeborank 
, wot .mong péniid sfgatpgo3ur tra wo ie 
- ating £ 
- r Xd o 
. "ae "1t) H @ TAP iit po) B28 Ta eet .Aqsaol ,taskqes)- 


Wo! ~=~RilidawTod ,ysqelfomogal 2c Jneazraqed ,yiietevinag 


Lurtoan ‘S°) sbgeeqiere’ .0 «2 Bae ,hraqei2 ot 2 yas 
onsind o8e° -2sedve% Po e9004 saeant Yo Sooebaudaé 


£9-(88F-la 


viIfe-e7isl oi of Halen ari) Esnuayat One] /PLOT ef , 2amqi 
swhiotavzd .eaunotee igvcentorten’d baa Lhog caberxdtiiag 
-#iorotifads 

z ) Oo 

to 101 Sou PSuES* moe tsaelogeY VEE] .hoebo as | A bea «3 if rok 
Noeutwald coves! ge eer  ATAVRTYY .YetoH n70D eneqowe sad 

.ASt-OIT Se Stem oc "\Tebasas AA Seel-8o8h 


_ 
an ayney MR oc sthanacijesug oF atvoyesd .088L 2 


ooknall rue 


~wetynoh estistsd WH .ONeS ,aezemesit se ‘fost bas 
SA MANS golasercin i = 


4 
vi a i 
anf 7 7 


. 7! Pe 
7 = 
— 






i 
<a 


as 


294, 


30. 


op 


Das 


o3 


34. 


35. 


36G 


one 


50% 


39. 


40. 


41. 


42. 


43. 


136 


Coley, Jack. 1979. Letter to Document Control Officer re EPN usage 
in Mississippi. 


CDC. Communicable Disease Center. Undate. Summary of Investi- 
gations, January-June, 1955. U. S. Department of Health, Edu- 
cation, and Welfare, Atlanta, Georgia. 


Cooke, Fred. 1980. Number of applications of insecticides for 
combinations of insects, when the boll weevil is part of that 
combination. Personal communication. 


Criswell, Jim T. 1979. Letter to James Brown, National Cotton 
Council re EPN usage in Oklahoma. 


Danielson, Dennis. 1980. Nestle Enterprises, Inc., Janesville, 
Wisconsin. Personal communication. 


Deitz, L. L., J. W. VanDuyn, J. R. Bradley, Jr., R. L. Rabb, W. M. 
Brooks, and R. E. Stinner. 1976. A Guide to the Identifica- 
tion and Biology of Soybean Arthropods in North Carolina. 


DeWitt, N. and G. Godfrey. 1972. The Literature of Arthropods 
Associated with Soybeans. II. A bibliography of the 
southern green stink bug, Nezara viridula (L.). I11. Nat. 
Survey Biol. Notes 78, 23 p. 


Dimethoate Assessment Team Report. 1979. The Biologic and Economic 
Role of Dimethoate. USDA-STATES-USEPA Dimethoate RPAR. 


Driesche, Roy. 1980. Personal communication. University of 
Massachusetts, Department of Entomology, Amherst, Massachusetts. 


DuPont. E. I. EuPont de Nemours and Company. 1977a. EPN: Status 
of DuPont Research. Wilmington, Delaware. (Unpublished) 
CONFIDENTIAL. 


DuPont. E. I. DuPont de Nemours and Company. 1979a. EPN: Status 
of DuPont Research. Wilmington, Delaware. (Unpublished) 
CONFIDENTIAL. 


DuPont. E. I. DuPont de Nemours and Company. 1979b. Risk Rebuttal 
and Summary of Benefits. Response of E. I. DuPont de Nemours 
and Company. (Inc.) to RPAR on EPN (OPP 30000/33). Vol. 1, 
Dec. 21, 1979. 


Dorhamee Weele ,aduebeeGaines.. andjW.a Js, Hayes,i Jr. “1956. | Paralytic 
and Related Effects of Certain Organic Phosphorus Compounds. 
ASMOApeaArcn.sandust. Health. 13:326=-330. 


Eichers, Theodore R., Paul A. Andrilenas, and Thelma W. Anderson. 
1978. Farmers' Use of Pesticides in 1976. Agr. Econ. Report. 
418, ESCS, U. S. Department of Agriculture. 


English, Mike. 1980. Personal communication. University of 
Missouri, Department of Entomology, Columbia, Missouri. 













| 


* 


ossau WTI st 742.2590 fowsao) Jnam70d OF err ae 
-tisoval Yo yrummA .ocabeli  .tejost) oesenld akdende 


“ub ,dilaeh Yo tonrdyeq9d 62 0) .2ee) on l-yreonal Poa 
sieves? ,atesisA ,ota3isW ban. qfot 


















tot usbtoliseant Yo emoltasiiges Jo todo ,O8OI att 
jen? to s¥sq at liveew I fed ef} medw ,adseent 28 saoksant 
inkieol evans Inaowzs't nmi 


30) Tanclin# ,swort aecel. of scatgak eter # mit . flows 
sandals al gpeay WES so ‘ 










<Siitvesosl ,.o'f ,eeelsawesed aftueF? ,OBCL clan i ze ad 
rottaclrcrmrets Lanse? nine oa tars, 7 45 
- 















a | CI Added é I “% sah € ma | _t , agreed WwW «lk om wl esd 
“69l7itgsel ode ca shiv A .8TOT legals .% .A bos ,etoord 


Bel oat Trek 32 ehoqowl2tA needyos do veolold thas gobs 7 










BborowigvA lo oywIuToOsLS esdF .410f vaviboo 2 ba .# oh “ a 
ait to t{yexgoiidtd A IT .somadyo!® dale betatooeeA ze 


,Jok «ttt,  «d) stubicty sxase! aud daize assy asedtuos 































q FS ,8¥ ascolf .lotd yovws® = 9 
; e4 
mononw! One stgolold eT .@\@i .27oeat masT SgomenaesA sisadsan 


-285F% sisendsermtd ATHeM-2aTaTe-Acau Si 80dtemlG 2a. si = 






te vtisxevis ,noliecinumeos [enosrst 080! -vou «ot 
Stisaveinageh .taserA ,ysofamosald Ww Inwed tags ee 





auzas@ 3094 .e(TOl .vasque) has evyvomet eb jgodut .I a 
(Lereildved)) .stewaist ,ondpalmiiw .doteesed to0%d ie 
AATTRS 


m326 WUT sete 6qu0 bes azyome ob Jao%d ,T 5 (a mtn 
(Settetldperti} .srawelell , Mose lel iw aaa — tat _ 

A a 

[nijede= Seth  .detel Cuno) bre etpomal ef, som tet pial oi fs 


2tuomm" sb yro%v ,T .4 to saagqaal +O32loneS to 4 ye reeds 
iS gto¥ ,(EF\O000E 19) WE co RAT ap Gonk) seen 7 


a = ao os 
oe iat a 











































ola yinteT O2Cf 7%. ,beyat 0 
abavogned autodqeatd saineg40 nind1s), 
»OLE-diF tI mai 


: erebad ealodt ‘baw yaaa Lt ah 
. Spoyek -Hoos Tah eohies at eahtoka , 


iA 








44, 


a ie 


46. 


47. 


48. 


49. 


49a. 


50. 


ape 4 


D2. 


53.6 


54. 


Ds 


56. 


137 


EPA. U. S. Environmental Protection Agency, Human Effects Monitoring 
Branch. 1977. Estimated Usage of EPN for 1974 by EPA Regions, 
State and Usage Sector. (Unpublished.) 


EPN Rebuttal Document. 1978. Marubeni America Corporation. 


EPN Rebuttal Document. 1979a. E. I. DuPont de Nemours and Company, 
Wilmington, Delaware. 


EPN Rebuttal Document. 1979b. Velsicol Chemical Corporation, Chicago, 
Illinois. 


EVCrGCLs Lo Re. He Os. Ciiane, and bE. 1.-Hibbs. 1958. Some Factors 
Influencing Populations of European Corn Borer [Pyrausta nubi- 
lalis (Hbn.)]in the North Central States. Minnesota Agr. ORD. 
ota. Rest Bul. 776, N. C. Reg. Pub. 129, °95 pp. 


Ford, 5.5 Js,0Js Ripotrayer, J, Reid, aud G. L. Godfrey. 1975. “The 
Literature of Arthropods Associated with Soybeans. IV. A 
bibliography of the velvetbean caterpillar, Anticarsia gemmatalis 
(Hubner) (Lepidoptera:Noctuidae). Ill. Nat. Hist. Survey Biol. 
Notes 92, 15 pp. 


Fehr, W. R. and C. E. Caviness. 1977. Stages of Soybean Development. 
Iowa Coop. Ext. Serv. Spec. Rep. 80, 12 pp. 


Frans, Bob. 1980. Personal communication. University of Arkansas, 
Department of Agronomy, Fayetteville, Arkansas. 


Frawley, J. P. 1976. Test Protocols and Limitations for Detection 
of Neurotoxicity. Pages 234-263 in R. L. Baron, ed., Pesticide 
induced delayed neurotoxicity: proceedings of a conference. 
U.S. Environmental Protection Agency, Washington, D.C. 


Gaines, (.) B:) 1969.. Acute Toxicity of Pesticides. Toxicol. Appl. 
Pharmacol. 14(3):515-534. 


Georgia. 1977. Pecan Insects and Disease and Their Control. Georgia 
Coopenext. serv. Bull. 644. (Rev.): 24 pp. 


Gholson, Larry E. 1980. Response to questionnaire on EPN usage on 
cotton in New Mexico. 


Greene, G. L. 1976. Pest Management of the Velvetbean Caterpillar 
in a Soybean Ecosystem. P. 602-610, in L. D. Hill, ed. World 
Soybean Research. Proc. World Soybean Res. Conf., Interstate 
Printeeeponvi Liew tlinois, 073 pp. 


Guthrie, W. D. and F. F. Dicke. 1972. Resistance of Inbred Lines 
of Dent Corn to Leaf Feeding by 1lst-brood European Corn Borers. 
Towa State J. Sci... 462339-35/7. 

















i. | 


: fi ) 


i 

gnivestnoM ejns' iS mead ,roregA poktoetoy’ fasgheeotiivnd 62 4. 
andtyeayY ASd wi eT@l va Mig to Spee] be sant sag ATS yi se 
(.hudetiduern!) .xojse2 sgael bine esase. a 


nate wo 700 eolvee, Eesdyicm .8f@L .sasmpoell faa2udat 5 


eraqaed bre atedsut iw yk oe oe ONGL | . Somaniadd feytedet e 
Yeretol ,desgutaliw ‘ it 
e 









iv) 
th ,Pottiem~groy [nolan gomketay .0ONEL - aesuccdtt Tessar ute 
. Siourtiit 


iy 


ey? 4 


,A7 <€ > ‘ sd~ i PS ’ ne .* ahh al ' if : | wil » TIS, 


7 
? “ P a al ' ‘ 4 . +- te 
‘doen 63 xy , Tic] wes POSURE 8 £folisivacs BikZ as 
+ — = - 
~¢ in ” ‘ ry a te, *% + aa . t P 9 
ox au eS, OsSrt(Nti, ia34 a ff i > £4 oa mit< ALE Lal 


















































7 
yy 22 ,OS1 .du® .wsdt .> co LOT) ite@ ee case - 
ae 
‘ha ee] . tho sd we bier «< ~ 37 ry te | mA gee a ebro p 
A .9S .aupeivo! “elu hetatoveds atoueeiewk 5 tutiaxezbg 7 
e ero tw {velilersybs ssedjevlevy aly Ie witareehidid : 
if ayvae ...8.8 loseiutlowl:s arstqehient) €sacéull) 
. _—— Oe 
-9q ¢l ,5@ aszch — 
> 
7 = s 
Iago. s7eG Kestvol fo ooget? TO .aeegtved .3 .D-hae ck Ww zis jal 
{ Ss 08 .gol .o0q2 .wsee- seed .quod evel 7 
: - 
- oie 
&3 & a « Yo TSVs whi i y fouewros 4: TOs 1a O82! 38 -eca7t * 
BHAA , sl ifvssssye) ,(momeegd to daerdsaqull 
i 
Q.lasIyl FSA EP o> Iowkl come LOLq30TF PaoT evel sere A to fvarh 
ehiskjes! jake , oot oh At EOGL-SEQ aaped i votobxovotwel Te 


.99eoT9}oOs 4 P65 hoagie (yIfoleecoyven bayeleb Asorbak + 
2 ,sotgoiteal! ,conegh aolabasesd Se jogunoxlend a 


iqtA -ldatxoT .yothiotiae? to viboixnol stuwoA (eaer ie UF ,aenls 
«ME O~El Es (Eyal -fosearrast 7 ; 

= 
‘tuvtono «6. forixo} »ieiT bes equsald fos ejoeanl pbaet © ott ef 2 g708) 
4G 8% 3f.v0H) O30 «3. Etull pwouk Good 





Ao Hire ZL no srlennoldasep or i eecrde Well eaves abebe 
ban wot mk nod00' x 
1S Tip eiwt pnadieyle¥ s79 Lo JosmeguceM goat .aTOP ff «oie 
atin oo ,L728 .0 2 mh ,OL38-$08 49 smaseyenn® apedyod na of” 
sipserers! ,. Ines . esi endear biol ..0a% ~.dodeeseR nasdrot= A 


qq EXO). .ebool tty peters : ae 


sont berdnl Yo eonntelaest .St@l -ef9k0 4 a baw 1 iW cs TI 
-BIstod 0509 ofsaernd booted ud gathest. dead me at Yoo. 
diaper aes | Des2 owed 

: a4 alge ' = 1 


img of Ls y ae argu ' 


ae see F 






Di 


Dos 


39. 


60. 


61. 


62, 


63. 


64. 


65. 


66. 


67. 


68. 


oo. 


70. 


138 


Hanna, Dale. 1980. Mobay Chemical Corp., Regional Sales Manager, 
Omaha, Nebraska. Personal communication. 


Harding, James A. 1979. Letter with enclosure to Document Control] 
Officer re use of EPN on cotton in Lower Rio Grande Valley, 
Texas. 


Harris, E. 1980. Personal communication. University of Georgia, 
Division of Entomology, Athens, Georgia. 


Hays, Sidney, 1980. Personal communication. Clemson University, 
Head, Entomology and Economic Zoology, Clemson, South Carolina. 


Hieronymus, Thomas A. 1980. Department of Agricultural Economics, 
University of Illinois. Personal communication. 


Hill wees Geaoniane, Ae. J, Keaster, W..B. .ochowers.. and.G. L. 
Reed. 1973. Seasonal Abundance of the European Corn Borer, 
Ostrinia nubilalis (Hbn.) within the North Central United States. 
NC Regional Publication No. 216, Research Bulletin 255. 


HA eR was hh oparkSs G.giGs DuTkKnardt. ..,.C. Chiang, M. L. 
Fairchild, and W. D. Guthrie. 1967. European Corn Borer, 
Ostrinia nubilalis (Hbn.), Populations in Field Corn, Zea mays 
(L.) in the North Central United States. North Central Regional 
Publication 175, Research Bulletin 225. 


Hock, Winand. 1980. Personal communication. Pennsylvania State 
University, Pesticide Coordinator, University Park, Pennsyl- 
vania. 


Hoelscher, .C., E.. and.H. W. Van Cleave. 1972. Chemical Control of 
the Pecan Weevil in North Central Texas. Proc. Tex. Pecan 
Grow. Assoc. 51:41-42. 


Holloway, Rodney. 1980. Personal communication. Texas A&M Uni- 
versity, Department of Entomology, College Station, Texas. 


Industrial Biotest Laboratories, Inc. 1976. IBT No. 8580-08633: 
Neurotoxicity Study with EPN Technical in Chickens. Northbrook, 
Illinois. (Unpublished) CONFIDENTIAL. 


Isely, D. 1930. The Biology of the Bean Leaf Beetle. Arkansas 
Pori@. Exp. wota, Bull. .«246,4.20 pp. 


Jennings, V. and H. J. Stockdale. 1978. Herbicides and Soil Insec- 
ticides Used in Iowa Corn and Soybean Production, 1977 Pm-845. 
Coop. Ext. Service, Ames, Iowa 50011. 


Jensen, R. L., L. D. Newsom, and J. Gibbens. 1974. The Soybean 
Looper: Effects of Adult Nutrition on Ovipostion, Mating, 
Frequency and Longevity. J. Econ. Entomol. 67:467-70. 

























































Bf]. 


TagenmBy aola@ Tanoltget ,.q30) Iantasita yadomM ime 
nol seataummeas fancoateT 


forjaeD Joamooed o3 syuuntsne Wakw veaged .@Ter A ae rb 

,vsiln’ sbiayxd off sowed ak modzon wo 093 Yo eau ea me \ ae 

-enxal 

fg70s0 Io yslerevinw .sadsectaimess lecoasel .OB°T 3 . eles, 2. af 
“Bu 1099 ,erattA ,xyolomotn® Jo qokeivid im 


iterevint sowie? aodsus ime. [asoeval .. 088! ,wonbse Pe] rel 
-satlots! Ajeet ,coers!) .veslye! steanesd bas (a0 iemeotnl , Sash 


Tul 29.3848 Jo soonr regal “OGRt -A asnodtT UROIs lH © 
Aotssiifemay Topwees omit CEL eo ys hereviad a 
. me .&@tueun- ° \ rl e 1) J@R@A nb A ,QratmD | I ¢ a Al ’ £ a ’ 
slciGk ATO mx aft to stosbertA ipabagee .fTCL  . hes 


(ind? hatt Latiwe) syrelf of2 nidsey (logt) stigiadun ar 
coi wfaaltut tavepeoh .bfh of eoidaol ident latokgok 
i wii ‘ Lil. o! if Teper ruk ) eo , ea r2qQ* A A € Zz ) _ens. 
pW0! OD too wt \Oi .eltdty®d .¢ oW bie bi bdotis® 
at ge. 100 Blell a? etoisuigacs . (. adR) atiabiden Statzied 
i mares ex3neu d3tol 78 battal fevaesd dato odd at (4 
: ‘nu dotnee|eed ctl sobstaak lds 
oa » 
vt? 4 TO 7p9rmarnc IangereT .08e! . boealW ,xooH 
re 4 v2; ind ,woteelbsqoo sbhisiszacl .yatersvial 
-alepy _ 
1 1%:x iso fara eS | svesl] na? .W OH bab .8 1D ,Sefoniea _ 
merad i a, ri 


48287 Isaj3ag0 djx0¥ ni tives masat ots —_ 
Sa-fd: [? ouez8A ~worze a 


“2A MBA tareT 4 Ih? tNeeIGS lenoered .O8el -¥Vanhot fEWO .- 
<f ON 
«<WNFEI , 22 eyeliod ,.¥goloweand Ya tooud tecad -Viterv 
-EESRO-GOS28 . on TAI ez anf ,estrotéicded See70tk Lalssev! r 
3 i,’ 


zo .etedotdd al teatadastT Won Aste youI2 yilotxosoxmsh) — 
TATRMRUTtwa9 (bsdetfdngad) _ yetoalI it 


TAGRASA of seul tus] need aft Yo yYgolola off. .O€CL. 0 ey 
aq Of Bae haa B22 .qed .olagh 


| het aa 
a. ane Line 5 3 eah)} si dyn ,8°91 -Sleblaos? lL it brs Vv Gt 
4-09 TIO! onbeaghowd agpedvoe bog mtud ewét f) ‘beall ash: oe = 
ab tQ0e swo I tia bat aaide ee “SoM 


— 








ates : 


nexigg? adT .aTOT anehito, a bos . 
eaatce! ,narseaiv® ov anky tusk st 
-OF-TG02N8 | toon. <a A Riek: 

: bee oh - 
ae 


_ 
on) Sane 






* 

° 

a A 
; 


| 


Lis 


ae 


73. 


74. 


ids 


76. 


dds 


Tho 


19. 


80. 


81. 


oo. 


83. 


84. 


139 


Johnson, D. R. 1980. Response to questionnaire on EPN usage in 
South Carolina. 


Johnson, M. K. 1974. The Primary Biochemical Lesion Leading to 
the Delayed Neurotoxic Effects of Some Organophosphorus Esters. 
J. Neurochem. 23:785-789. 


Johnson, R. D. and D. D. Manske. 1977. Pesticide and Other Chemical 
Residues in Total Diet Samples (XI). Pestic. Monit. J. 11(3): 
116-131. 


Johnson, R. D., D. D. Manske, D. H. New, and D. S. Podrebarac. 1979. 
Pesticides and Other Chemical Residues in Infant and Toddler 
Total Diet Samples -(I)-August 1974-July 1975. Pestic. Monit. 
J. 13(3):87-98. 


Kadoum, A. M. and D. E. Mock. 1978. Herbicide and Insecticide 
Residues in Tailwater Pits: Water and Pit Bottom Soil from 
Irrigated Corn and Sorghum Fields. J. Agr. Food Chem. 26-45-50. 


Kaneko, I., and S. Sakamoto. 1976. Interim Report of Neurotoxicity 
Study with EPN in Adult Hens. Nissan Chemical Industrials, Ltd., 
(Tokyo, Japan). (Unpublished) CONFIDENTIAL. 


Kogan, Marcos. 1979. Insect Problems of Soybean in the United States. 
Proc. 2nd World Soybean Research Conference. Raleigh, N.C. 


Kogan, M., W. G. Ruesink, and K. McDowell. 1974. Spatial and Temporal 
Distribution Pattern of the Bean Leaf Beetle, Cerotoma trifurcata 
(Forster), on Soybeans in Illionois. Environ. Entomol. 3:607-17. 


ROsd gi saD ee hemor lla be ot inner, «Jak. Bradsey, Jt.,.,and M. 
Kogan. 1978. The Literature of Arthropods Associated with 
Soybean. V. A bibliograph of Heliothis zea (Boddie) and H. 
virescens (L.) (Lepidoptera:Noctuidae). Univ. of Ill., College 
OL Agric. INIoOY Ser. 17, °242 pp. 


Kowalski, Edward. 1979. Letter to James Brown, National Cotton 
Council re EPN usage on cotton in Missouri. 


Kriner, Ray. 1980. Personal commication. Cook College, New Jersey 
Cooperative Extension Service, New Brunswick, New Jersey. 


Kwolek, W. F. and T. A. Brindley. 1959. The Effects of the European 
Corn Borer, Pyrausta nubilalis (Hbn.) on Corn Yield. Iowa 
Skate Coliecens UScic se 33:2939-323. 


Lambert, William R. and Gary A. Herzog. 1980. Response to question- 
naire on EPN usage on cotton in Georgia. 


Lau, Norman. 1980. Personal communication. VIP & SU, Extension 
Coordinator, Chemicals, Drugs, and Pesticides, Blacksburg, 


Virginia. 


cet % 7 




























































a 
7 _ ea. ; 
it sgeey WTS no srlancolyesup o3 eacogeed ~ A 0, oenn 
] BUT Gee - os = 


t gnibros notast [andeeiaclt yveemtst sat  .Adt@l AM entire’ 
2TH eurradqeodgoasg ht) amo2 Ye 49599998 Slxotoxyell Bevalat aft oy 
205-285 70% enorme ab” 7 
S 
pbrud) yart0 beg obtoisesY (ie) sjoasM 41.7 bas .2 8 coanrle 
(£7If .L .sine -altes4 .f78) enbieet Sol Taser met sublease 
LP eLh 







a. 
25?) +5614¢exbo% .2 i bos ,wett A .0 eden .d GC <0 .£ « RT ol 
ro.b5aT B 3a of soon @oh (ooteed) yea bas gab tiest 
-TigoM .eliawt .f1GL efol-OtOC! gangsA- (1). selaest Jo sot 

Be -Ta: re 

pi yt ini Soa ebiohdgel Te] iooW® .F .2 bas .M eA (TUE 
wort. Ling mntsoh 219 lea tayee vecl? gedawlialT af asubleel 
A—H ieee wpe) bowl Jee 1 chiarl augue! bas aro? boragigrtL 


Ps feooja +i I é ie a Lhe ? z re sort Ot” i O27 7a Hod a bee ** T ,o#% get ¥ ; 
ied ,@islzriavbal ‘no S an@elf wanell tlabA of “UT ditw ybuse 7 
wsgTe0d tise dellidyqeiy) .(angal. .ovdoT) 


2Q3R%° Gila »12 ot neadva® jo eeuIdoyvt 155007 MTOE. -sooTsM ,angod 
vss igisis®? .esasteids) dvsesess gasdyos bIrov bak .sost % 


srommesl bas iadIaq2 P\Pi «Li swloM .2 bow ,Antasnt DO .W .oM 15g o%, 


Isowttiys: wimloysS .sliiev! isol weed ady) Ta ox9295% notsudtasela 
i-(O0:€ . Losete® .moxbert’ -eiomoLrill n¥ enssdve2 oo ,(xeseset) 
Mie ,.t. ,vyolbavd 1 .. .weneks2 .9 a Pisa 3+ <Q ,.0 page 


djiv besetonsad wshoqoadiszA Yo stptersgh! sth “ate! paaod 
_ ins {etbbot) ass etdialiell To dustgalidied A v »naadyo? 


) ,-1f!I Jo ~via « (Sar tusoows sToJgohiget) (. J) enesastiy 
qq T6468 . Cl . 908 YOSTHI ~.okeeeh 30 


o3300 L[anotish ,intatd aomel-at a59307 jOvTCL >. brew , tp: 
-izuceeiM ot nesa05 ao saneu WAX ox Eismrod 


reevsUt wel .sgaliad ued oStisstemoas fxaceist .o8ef - “od, rs0 
-yeersl wo ,solweminS wet ,oolvre? aotersdxd evideteqoa) 


vaeqgo tw Br 3 a St3et3G sAT .C28[ .¢aliaize .A i? Bae 29 4 aalen 


ewol rait ied ae (. aif) Btiulidun sjausiyt ,tatod xyes _ 
. ESE“ESSSEL ko .U egvifcd s3838 | 


~woltemp o2 sepoqead .0881 .sosuef JA Suis boa a mins 
-algios) af mo3395 no wgaan'i i 6 


nobanetad SJE STV .moltesiemenmco iinet 
wrededyela <tabtotsaet bam -agurd Bla 


me 
rf 
-_ 





85. 


86. 


87. 


88. 


89° 


90. 


oi- 


“pag 


93. 


94. 


95: 


96. 


o7% 


97a. 


140 


Leitch, R. E. and R. L. Chrzanowski. 1977. Metabolism of 14 Ce 


in Soils, E. I. DuPont, unpublished report, CONFIDENTIAL. 
EPA Accession No. 232289. 


Lewis, L. C. 1975. Natural Regulation of Crop Pests in Their 
Indigenous Ecosystems and in Iowa Agroecosystems: Bioregulation 
of Economic Pests. Iowa State J. Research. 49:435-445. p. 440. 


Lewis, L. C. 1980. U.S. Department of Agriculture Corn Insects 
Research Laboratory, Ankeny, Iowa. Personal communication. 


Lincoln, Charles. 1978. Procedures for Scouting and Monitoring 
POLrPCOCcON iiseces.) ALK: Aer. Exp. Sta. Bul. 829. 


Lincoln, Charles. 1980. Department of Entomology, Univ. of Arkansas, 
Fayetteville, Arkansas. Personal communication. 


Lincoln, Charles and Gerald Dean. 1976. Yield and blooming of 
cotton as affected by insecticides. Ark. Farm. Research 25(6). 


Lofgren, J. 1980. Extension Entomologist, Dept. of Entomology, 
Fisheries and Wildlife Biology, University of Minnesota, 
St. Paul, Minnesota. Personal communication. 


Lynch, R. E. 1980a. U. S. Department of Agriculture. Georgia. 
Personal communication. 


Lynch, R. E. 1980b. European Corn Borer: Yield Losses in Relation 
to Hybrid and Stage of Corn Development. J. Econ. Entomol. 
73:159-164. 


lynch, Re E., Lec. Lewis, “and E.’C.: Berry. ’ 1980. Application 
Efficacy and Field Persistence of Bacillus thuringiensis when 
Applied to Corn for European Corn Borer Control. J. Econ. 
Entomol. 73:4-/7. 


Lynch eke Oe Lewis, fb. Oe berry and J.P. Robinson: 1S id br 
European Corn Borer Control with Bacillus thuringiensis 
Standardized as Corn Borer International Units. J. Invertebr. 
Pathot. 930216/—174. 


Ivnci ene eb. Conlewis, B.C, Berry, and J. F. Robinson. 197/7b. 
European Corn Borer: Granular Formulations of Bacillus thuring- 
iensis for Control. J. Econ. Entomol. 70:389-391. 


Manske, D. D. and R. D. Johnson. 1977. Pesticide and Other Chemical 
Residues in Total Diet Samples (X). Pestic. Monit. J. 10(4): 
134-148. 


Marsden, John. 1979. Letter to Document Control” Officer re) EPN 
Usage on Sweet Corn in Wisconsin. 


Qe 
















































‘w—) 10 metiodatas 6. (VSI ttawonased) .J ® bee .2 ie 
AETHMITMITHOD .Isones bods mpepbarng toolud .t . ,eltoe Ge 
WBSLES at antemennk ATS 


| ae 
mt ateeY acrx) 3 mo tiaiageh issu san ever sa mn | ¢ ; 


riadT + S+ ree 
miltialuge2olk regeteyeossareA uwol at bas eseseveos’ evonegibnl a 
.¢ ,Cea-EP ALCS ioteees .j, 23892 swol. .27es4 olmonosd 2g i. 
3 ae 738 
3948 nic) owilesivas to tvenitpesd 1.2.0 ORE oo Ly eal _ 
fo) imneecs leno] .awol ‘mainA ,yistovedel dothaseasil a 
. sik 7 
MsI3 ies Bae gnlseren! vot eatybaonr® ater -24itad ,giconkis 
vil ‘ «GS , 1A 82h .e2sehal wosgeo roi 7 
=? : 
sPeragssA Ie 7d ,vgolmeaina Yo aaamgyeipe?  .9ROF i Yam -oloorkt 
roOCgeSimeweds Fagoe ye aerniasItA , silivartyoval ot 
fo eiagn td my {ale ev ofai12) bag solyem aiosath 
(ec) 82 hovenes tt ot seeblotiusuet vl hegetta se aodias 
. 
to sae Ts . ied ,aetgofonors’ golensyxy . ROT TL -fatgte 
bjt pm hh ‘svevind ,ypororh el FInfiw fas eaivadat® 
kine meupcy [evbers? .ajowsanlM ,foef .352 
' eI orga Ta Inesiraqed .2 if ,.a0Re] T A ton 
telisoinumes [ancaeg ad 
i iY 
2 Adi Agee melt tteroe mzod gesovtye .dORel aig , toned 
ME .00D 1 tneaqcioval nroy Io suatZ has bitdya oF | 
NOl=G2 FEL 
moi: atiqua Let “CITSq ee | bore ~,Qiwetd 2 od ey: | if , fo 


i stemelgatrats aultiost $0 agnd¥etese? bY stT bee yasorit” 
to i ortaeD varod arad ages ores tn? weal os bei lags : 
N\-tr€\ .fegodny 


ape rel ri, id «7 - Som .vrrsé .o 63 .ebwed wl ..3 a ,doay, 
ieasigatvogs gulitses Asiw Lorie geyvod ara) mBaqows 
T'otrave! esta facohensveiel soi aed «a ber! hrabasse me 
O°T@lOINE ~.forseg- a 
vrs eeotdod 1°... ime .yrret (0. .2 jewel Oo ot qu « 
Ur iaedy Beat 284 vie waotde Large’ ’ 16funsa {yeI0t ara pheaibst- oi 


Ce-H6f30T .Lonote® nos’ .% . Cor wot tot ate 


tapined> sof3G dem sbhtsties$ {TCL Jnomadot .0 ON Bee aie! 
“700 .& ~aOM solsen? , CX) esiques 2980 Layo at -° yr 


My, 







ae 






WT a2 yankTW Levan raven 208 of e393, hes 
br maby ok 0d 3 


Ah 7 


141 


98. Marubeni America Corp. 1979. Response of Marubeni America Corpora- 
tion to notice of RPAR and Continued Registration of Pesticide 
Products Containing EPN. (OPP 30000/33) Dec. 28, 1979. 


99. Maxwell, Richard. 1980. Personal communication. Washington State 
University, Cooperative Extension Service, Pullman, Washington. 


100. McDaniel, John. 1980. Personal communication. University of Delaware, 
Agricultural Chemicals, Newark, Delaware. 


LOD McWhotler, G. Ma, hs Cs Berry, and lb. C. Lewis: “1972s ‘Control ‘of 
the European Corn Borer with Two Varieties of Bacillus thuringiensis. 
J. Econ. Entomol. ~65:1414-1417. 


102. McWhorter, G. M., E. C. Berry, J. F. Robinson. 1976. Field Resistance 
of Six Insecticides for European Corn Borer Control. J. of 
Econ. Ent. 69(3) 419-420. 


103. Meek, Lamar. 1980. Personal communication. Louisiana State Uni- 
versity, Department of Entomology, Baton Rouge, Louisiana. 


104. Meenen, Henry. 1980. Cotton statistics for the U.S. Personal com- 
munications. 


105. Meisch, Max. 1980. Personal communication. University of Arkansas, 
Department of Entomology, Fayetteville, Arkansas. 


106. Metcalf, Robert L. 1980. Department of Entomology, Univ. of Illinois, 
Urbana, IL. Personal communication. 


107. Miner, F. D. 1966. Biology and Control of Stink Bug on Soybeans. 
Arkansas Agric. Exp. Sta. Bull. 708, 40 pp. 


108. Moeller, H. C. and J. A. Rider. 1962. Plasma and Blood Cell 
Cholinesterase Activity as Indications of the Threshold of In- 
cipient Toxicity of Ethyl-p-nitrophenyl Thionobenzene Phosphonote 
(EPN) and Malathion in Human Beings. Toxicol. Appld. Pharmacal. 
4:123-130. 


109. Morgan, Edna Ruth. 1980. EPN Usage in Mississippi, developed by 
Extension Entomology Department. 


110. Morgan, Ruth. 1980. Department of Entomology, Mississippi State 
Univ., Mississippi State, Mississippi. Personal communication. 


111. Mueller, A. J. 1980. Department of Entomology, University of Arkansas, 
Fayetteville, Arkansas. Personal communication. 


112. Muka, Arthur. 1980. Personal communication. Cornell University, 
Department of Entomology, Ithaca, New York. 










It! | cy ; 


-s 0qT09 aolrogA taodureM Yo sancass@ ..@vOT “970 acPrauh 
shioiseo% to solttevdeige# hayatiead bor RAT to a 
-OV@r .85 .s9@ (CE\OOO0E Fah) ee gala 


ejg32 aotgoldesi -ockisstoummos Lencawet . 08°! cmadon 
tantteaW ,camilel ,»otvae2 solenstat evtsaxeqood Mita verke 


































a 
So 





iM 
ae 
; 2 | 
io forgneD Te? ews] .o .J bas ,yixew .0 18°. « T939%¢ g 

sfanal Le Ss ute Bu, f£{Lks Bi co aaitea* cal ow] dsie TST08 GID vesqorud of 
«CL Af“ATST 2C0 _fomwnand . a 


eorciaiaal &is29 Atel ‘won dor TF sh gym oF 5M, ¢ts270dWe 
o ." .fugo03 yevead vied seagoyeS yok esbbhatzosenr £if 39 
~Ofe-@ie (0388  3n3 . goal 


Steveis7 Jo yilervevic! -nobjastawewey feeders? ~ get -siet, .Lleta 
.aveye fall Arena aleols fers kwolaga 





Jc sis9% avatetuoy .toltsolemmmes Cnacete® OBC .zemeT ‘ 
Or lehool ,egucd aoied ,yootowotel Yo 9: iysqo] ,yslarev 

mon Igentrsd .9,.U ai9 76% exdtaigece ony703 060! Tina ,f 
2foljasious 


notzacteymecs Janoarey .08@1 xa A 
agaceitxh <aiiivestervsy ,ywgolonotny to Inoattsys0 


-2@foalillT to . rat ofgmoind io 3e¢erzasgot) 03; ol 3tedag ,ilso 
‘OL RoeAeMeD Laroeisy IT ,anedi 


ampecyoe oO geF Aali2 to lovineD bee ygolokd .ag@f .a & ¢ 
‘Gq 00 ,SO% five «232 .q¢9 .oteeA eeaneisA 


so) Seid bos monelt S401 .sebi@ .4 .U hoe .D oo elt 

ni To SiadeaitT serif Yo ancisuotbal 2s viivisoa aaa tote¢al tod) 
honodqacny snszasdonoldy ivastqozgin-q-[¢ds! %o CitotxeT Jnaiqis 
Joostsei! .biogd .[oolec) .ageled asnulf- a} woitiznieM bos (#9) i) 


ale 























aA 


. osoclayveb eiqileati ie he al $eneU He | -G8e] 0308 enhd, ray tt ‘2 
-Jnmatasygad ygofomrotad iibrneaae 


tei®-iqglesteeiM. .veolomothd ta Jneatzeqey. 082] .dout ‘ any 


-MoltSIRiGrnos {ssoeved .logteelee! 99092 loqteslaakh yrs 7 


oateedtd to viteravenl .ygofamosa# Yo Snomsieges® .O8@l 40 Aa 
else Linmos Lecoess® .aeenedt . ees : 


/Cafereviall Lisevs) ,sottasinuemos [sqcersY .OBCT 37 
ow: ,a2oY vot ,eoedis] , ygolomorng: qo tna amt ye9y 





113. 


114. 


A Be 


116. 


Iii 


118. 


bigs 


120. 


ira Ke 


122: 


WEE 


124. 


2% 


UPA 


Murray, J. C. 1972. Distribution, Abundance, and Control of Heliothis 
species on Cotton and Other Host Plants. Sou. Coop. Series Bul. 
169. 


Myers, F. V. and L. P. Pedigo. 1978. Winter survival of the Green 


Cloverworm, Plathypena scabra (F.) in Central Iowa (Lepidoptera: 
Noctuidae). J. Kan. Entomol. Soc. 51:288-93. 


Nesheim, Norman. 1980. Personal communication. Oklahoma State 
University, Department of Entomology, Stillwater, Oklahoma. 


Nichols, M. P. and M. Kogan. 1972. The Literature of Arthropods 
Associated with Soybeans. I. A bibliography of the Mexican 
bean beetle, Epilachna varivestis (Mulsant) (Coleoptera:Cocci- 
iediidae).) 111. Nat. Hist. Survey. Biol. Notes 77, 20 pp. 


Nichols, M. P., M. Kogan, and G. P. Waldbauer. 1974. The Literature 
of Arthropods Associated with Soybeans. III. A bibliography of 
the bean leaf beetles Cerotoma trifurcata (Forster) and C. 
Euricorpis (Olivier). 9111) Nat: Hist. Surv. Biol. Notes 85, 
16 “pp. 


Nissan Chemical Industries, Ltd. Tokyo, Japan. 1979. Exhibit #1, 
Statement of Roy M. Dagnall, Vice-President of Hazelton Labora- 
tories America, Inc. 


North Central Regional Research Committee for NC105. 1972. The 
European Corn Borer and its Control in the North Central States. 
North Central Regional Publication No. 22. 8 pp. 


Ohkawa, H., N. Mikami, Y. Okuno, and J. Miyamoto. 1977. Stereo- 
Speciiacity in Joxicity, of the Optical Isomers of EPN. Bull. 
Kuvaron. Contam. loxicol. 18(5) 2534-540. 


Osburn, M. R. 1962. Pecan Insects and Their Control. Proc. SEPGA 
Doce. 


Osburn, M., V. Calcote, and W. L. Tedders, Jr. 1964. Low volume 
sprays for pecan weevil control. Proc. SEPGA 57:59-60. 


Osmun, John. 1980. Personal communication. Purdue University, 
Department of Entomology, West Lafayette, Indiana. 


Owen, Michael. 1980. Personal communication. University of 
Illinois, Department of Agronomy, Urbana, Illinois. 


Patchett Gaol Lat. ocniosberg, and G. T. Bottger. ,.1942. 
Factors Determining the Reduction in Yield of Field Corn by 
the European Corn Borer. J. Agr. Res. 65:473-482. 


Payne. J. Aaja Ds Harris, and H. Lowman. .1976. Foliar Insecti- 
cides for Control of Pecan Weevil and Hickory Shuckworm. 
J. Georgia Entomol. Soc. 11(4) 2306-308. 


ee 
me. 

























































; >” £= oa ha : a 
aids 15! © LOT Co BOs. e250 DUCA 


«ot tedbaze i ae 2 
uJ astys® .qeod .woB. .ejani® suc yed30 Bae 02309 | no vuladay / 7 
a 
~ ee ii,ico laviews yetnlh savel athe ee | ro eV ‘gis +e oat 
tqobiga.” oJ Eayiasd at (.%) sain “necmqytig lt ,@rorrevol? as - 
£0-885 1% l508 wetel .cva¥..t -(sabludz08 * 


» 5 


{ : 
4? & ’ patoda 7 ¥O Ps V4 asain = Eouiereek 2 ns A ee] . nenree -tiedes 


HOF LA ,IvIswWill sy? ~evolonergn’ to tnensseded Vi terevial 96 


T «hye aagoA .4 bos. .7 Be alot 5) 


anoixeak < o clhidid A .T  -eemadgod dttw eee 7" 
oe)? «+ siey! C9 peel oH? pisaayvivey antes ' Malye siz Tiead ; 


og ot cont a oN oh .9m@ itt (enbifien 


Sse1sttli 4 ‘ ct seniblaw .f .3 6865 ,negoA Mh . ot Slodake 7 ; 


erie $4 73 anagdyad lw teadi tah eboqautsi7gtA io 
2! ( ¥4 Gt) AseotwRiss en ross) eelgoed Sse! aeed sdj 
f cytow be vt .t08# se% VET .(asivhlO) akgzoottus 
tg ol 

dtsix e\er .meqol ,wynMeT .b4d ,ealraanbel feotasdd nasa 
tod Otiséall Oo *nebleasi-saolY ,Cleagsd .M yoR Io, Jaomeszagg 


onl- .solrvemd entaos 


yet cOLSH 167 sod tion) doxsseai ctged [erz03) d3z0¥ 
isttaso To) @f > ot logigod 33) Bae yer z. imo) hesqomws — 
4 64h oY aokiestidu®d [anotoad layvinsd dta0# 


4Tete ‘ ye! . 0 Ooms im, »! i 8 itt IU > «fang el i Pes | « ow ae 
(igh .M@T to wiemoa! Lastggd a: 6 viiotxeT nt Yi toitinoga = 


Ose-tf?: (£381 .fostxe? .masned -cOxtvag 


% elseeel apjool .S50!. fogs 
‘kei donde 


& 


wmuloy ¥ HOR! st rabbsT. .J .W baa ,etsoote? .Vv oN Jesu 
WSrkEel2 AMG? . 2077 .Jowinoy Liveew aecey do? eystae 


»“tievaviad eobsut = . inl tesiepeees fanoaxvey O80! adel 
-Btalhel .saitevate] 20H vag Lenodad 33) aeaey. 


To ysteravinv .oolteolnomos Leconte? Ober ree 
siloni{ll, ,susdzil .ymonoysa bid tasmian , 


AMM!  .49eg730€ 7 .D Boe sotedaoldod i thse a3 ae 
qd weod biel to blot? ni aes cha: fat 19 
Lier ETAred. Vaan se | 2200. sasge wa 


i 
“ipoeand aektot .20@f -namaat i Be + as ap aan a 
lati vrudorh Sas Leary fa ' 
wie 








if; 
Seiad 
= 


2h. 


128. 


129. 


1303 


Si 


ERAS 


133. 


134. 
435: 


136. 


137. 


138. 


140. 


140a. 
141. 


142. 


143 


Paynes .J. A.,)H. LapMalstrom, Ge E, KenKnight. 1979. Insect Pests 


and Diseases of the Pecan. USDA-SEA Agri. Rev. and Manuals 


Payne, J. Av; S. Gs Polles,,and,E. J..Wehunt,...1974%+ Pecan Weevil: 
Biology and Control. Proc. Ann. Rept. of the North. Nut Grow. 
Assoc. 65:134-144. 


Pedigo fel Ba, iti D.eStoneseand G. L. Lentz. 1973. Biological Synopsis 
of the Green Cloverworm in Central Iowa. J. Econ. Entomol. 66: 
665-73. 


Pendergrass, Jimmie E. 1980. Response to questionnaire on EPN usage 
on cotton in Tennessee. 


Pesticide and Toxic Chemical News. Oct. 24, 1979. FDA lists 
pesticides most frequently found in monitoring programs. 
Pages 16-17. 


Phillips, J. R. and W. F. Nicholson. 1979. Coping With the Bollworm/ 
Budworm Problem: Community-wide Management. Proceedings Belt- 
wide Cotton Production-Mechanization Conference, pp. 39-41. 


PIMS, 1978. Pesticides Incident Monitoring System. Summary of Re- 
ported Incidents Involving EPN. Report No. 120. Human Effects 
Monitoring Branch, EPA. Nov., 1978. 


Puesch, Antoine. 1980. Union Carbide Corp. Jacksonville, Florida. 
Personal communication. 


Ragsdale, Nancy. 1980 U. S. Department of Agriculture, EPN, National 
Pesticide Information Program State Survey. 


Randall, R. 1980. Extension Entomologist, Illinois Natural History 
Survey, University of Illinois, Urbana, Illinois. Personal 
communication. 


Raun, E. S. 1963. Corn Borer Control with Bacillus thuringiensis, 
Berl inerseslowasState.).. Sedii36+141=150. 


Roussel, John S. 1980b. Department of Entomology, Louisiana State 
Univ., Baton Rouge, LA, Personal communication. 


Roussel, John S. 1980a. Response to questionnaire on EPN usage in 
Louisiana. 


Rousseljsglso>i550). 1Geeweber, L. De Newsom, and C., B..Smith..- 1951. 
"The Effect of Infestation by the Spider Mite Septanychus tumidis 
On,Growth andeyYlelid. of Cot tone: miJourie,Econ’ ‘Ents 1 442523-7+ 


Rovy.pean-08 1979-0) Letter. to, Document’ Control Officer re EPN Usage 
on Sweet Corn in Illinois. 


Ruppel, Robert. 1980. Personal communication. Michigan State Uni- 
versity, Department of Entomology, East Lansing, Michigan. 


Sakamoto, T. 1977. Delayed Neurotoxicity Test of EPN Administered 
Orally to Chickens for 28 days. Nissan Chemical Ltd., Tokyo, 


EAi 








































Ps 


je0% izsanl .?°R!° .tigtaingd .g 6D ox taies Va Ue Vue ae 


elesosM bos wot .iagh ANB-AGaU aacet off Yo asementd tteg: 
Sa B-MRA 


| veaW seost .8\Ol jaodow .l. 62 baa ,eelict 62 68 A ve a 
| | #o¥) Jo" «Aion 27% Io .tqel ,anA,.ooTt «Rome Soe veelole - © 
| ', On S0aRA 


oigoletA Ese! rans! .! .) Bos ,sneg®>.a .0 459 .F Gee 
jaa ooo .L .ewok tetas: nt exourevolS sesr) eth Te 
uF ; 23-00. 


os 


; ip VT I fel IMP OF samcesk Dee Ss Bot “eenrgraba . a 
shetannet ot notte Bo | 


S38: r RVG oct ~#S to) ower weal) hy “iT bers oh} ohaeet 7 
| 9IySTT PZALTOIIibak OL Pawel vi pages — sabi aisaed = 


' i~dl sagat 7 
7 -_ 





\orre wifaS ent rt } wn F evel « OF ; mot od 4 Giese AR a -eilii - 
-Ifad eeuclbadoorT veneQurial’ o#Liw=t ti cventol ‘wefdos® eixscwbsd _ 
| ih ef , sue ») aovdextousowl-col saybeo: roltoD abtw : 
“eR to yizewee «wath? an tretinet tashisal 34 sliced  ,8vGi . 
at3 «US Of I379978R Wiqa gatvloval utnebtonl bs 70g 
-B8Gi ,.von Aga dames’ gatveoiineG 
epires® ,o1 L veoassal -Grod shidie? ania OEP] «SN ODmA 
Holjscimwamde fea: ape 
, 4 a 2 . ~ Pape, J _ ee 7 }s : Pyaas bY ' : 
MolIaM .S ,stusluotiA 19 Jaoundreaed .2 .0 O90! vores’ , ofabug ae 
-VOVTLC @igi2 margord odljeareta! sbioiljesd 
Yrovatn LleiyvteaMt atoattit ,.Taigolomticy colerese3 O80] © . a fink 
farce sed .Bfontill ,eaads ,alomtil! to yitezertav e“evIee — 
»polssotaymmos 
alensian rudy sulfiout date loviasd ye208 myo .€901 6 3 af tw: 
| Oi~i@l:8£ . bad .b 93958 awalk yenktes f : 
tae sostatwol ,¢soLomosaY To snawtyecstl =. (Dae 2 ndol: ise EUG 
: -olteotouemes [encased AT ,sg008 noted (VET « 
nt »gnay WER go wriaonolissup oF senoqual  .s0HOl 
. Le a | bs be “ oat - ban tokwelt f i tee 
eli iawg ae ene 398 IRM vebiqe sda ed aor 7a 2notnt 


No@22:84  . Sem .p0ae “iol. "904409 pe : Pron 


dia ibid ‘tersnod lng sites serie et 
- i ? . ae bi 4 ree 


Py a Ds ? ; i OM, a 
j a Wa f p naleieys nlf ASC: ; 
psi ree agree : oul 

i» TWD) Coa * : : 

ce MELO UTA at 
a ie 7 






® i J 


143. 


TSa. 


144. 


$45. 


146. 


147. 


148. 


149. 


150. 


LL, 


sae 


153. 


154. 


155. 


156. 


144 


Japan. (Unpublished) CONFIDENTIAL. 


Schaefer, H. C. 1980. Personal communication. University of Cali- 


fornia, Department of Entomology and Parasitology, Berkeley, 
California. 


Schofield, Jim. 1979. Letter to Document Control Officer re EPN 
Usage on Sweet Corn in Minnesota. 


Sears, Earl W. 1979. National Cotton Council response to EPA's 
RPAR on EPN. Unpublished. 


Sheets, T. 1980. Personal communication. North Carolina State 
University, Department of Entomology, Raleigh, North Carolina. 


Showers, W. B. 1979. The Effect of Diapause on the Migration of 
European Corn Borer into the Southeastern United States. In 
Movement of Highly Mobile Insects: Concepts and Methodology 
in Research. Robb, R. L. and G. G. Kennedy et.al. University 
Grapnics.) Raleicn. N.C. 


emith, J..5., Jr., W..L. Tedders, and C. R. Gentry. ..1973. Trans-— 
actions of the ASAE. 16(1):127-28. 


Smith, M. I., E. W. Engel, and E. F. Stohlman. 1932. Further Studies 
on the Pharmacology of Certain Phenol Esters with Special Re- 
ference to the Relation of Chemical Constitution and Physiologic 
Action. NIH Bulletin 160:1-53. 


Smith, R. H. 1980a. Department of Zoology and Entomology, Auburn 
Univ., Auburn, AL. Personal communication. 


Smith, Ronald H. 1980b. Response to questionnaire on EPN usage on 
cotton in Alabama. 


Southards, Carroll. 1980. Personal communication. University of 
Tennessee, Agricultural Experiment Station, Knoxville, Tennessee. 


SPALkS wpa. un. G.eaGhiane. C. A. lriplenorn, W.. D.. Guthrie, .and 
T. A. Brindley. 1967. Some Factors Influencing Populations of 
the European Corn Borer, Ostrinia nubilalis (Hubner) in the 
North Central States: Resistance of Corn, Time of Planting 
and Weather Conditions Part II, 1958-1962. North Central 
Regional Research Publication No. 180. Agriculture and Home 
Economics Experiment Station, Iowa State University, Ames, 
Iowa. Research Bulletin 559. 


Steelman, Dayton. 1980. Personal communication. Louisiana State 
University, Department of Entomology, Baton Rouge, Louisiana. 


Steinhauer, A. 1980. Personal communication. University of Maryland, 
Department of Entomology, College Park, Maryland. 


Sterk, Leo. 1980. Laverty Sprayers, Indianola, Iowa. Personal 
communication. 


Sterling, W. L. 1979. Economic Thresholds and Sampling of Heliothis 
species on Cotton, Corn, Soybeans, and Other Host Plants. Sou. 
Coop. Series Bul. 231. 


















































oat 


JTATreaarm ¢ 





-llaS Yo ytzazevial "02389 Leneees IancsieT <090] 
halediah -veoloytaers? bue vpofametall to Saens 


“WS ax ta9tti9 Lortaed Sirmewned oF yooted lee. es 
varia a tal Teowe we 


e'ATS ot seroyaor ILoous) maye Tegokaall Loner: vW Ive 
; _hedet dog WE no 


$.n1¢ sriloged ds7oK .oolzeninewets Lapeszet .00¢P) 
coklors) giiol’ ,tgiaial .vpolemndal Yo semizcgad je tau 






to motterg i! ef ao seoqqelt to yond ady LOTe!l iw Jes 
Ni  eetaste bette) evesesodt4uct sda aestt weve awxi0d resqomsi 
tee! abet eh Fea stqnons) rasosanl eftdoW yfdeth Jo Insmevell’ | _ 
Virevavrad i fs.2 Thnsane, .2 .3 Boe a eddor .foveseat af o : 
4  iptelak -BotdgaaD 7 





¥ 


“ames? «£085 .evres? 8 9 bes yaeobbot ia i ca6/,.2 
BSaTS): ({)31 .TA2A eds Yo aznksog 


ites? a9d32uT [fel 8 .wemfvos2 4 3 brs ,lope’d Wa tT M dale 
a” (igeq?@ usiv etedeS fomedt miatz49 16 vaeiooamvad? adj f6 0 8 
2£3010ic¢#4 On cobtyshsea09 {sotasdd Jo ankinie& afi of snneses 
-€2~-1:001 ntisliva HIM” Umoldnd 


ryduh .vxolomogay bas ¢gofooS to s0eeteqetl .2O8OL JH ae: af 
-Holisstruao> t[aeoerst JA \ mredoA)e 


oo sgmee SY no siuiannotyaaop 63 Samqeeh  . del” en Sinwot 3 
MTS LA tt nas3e5 


io yilavevin) molesolaumnos laters? O8Or -fléovsed ;ebts 
-eueconoel ,sliltvxoad ,nokie72 dnumiaaaxd lets lus iigA specsnaT 


fo enol iefinqot goliauyliql erotoat sue Sa0L ° ,velbates 

xe3 AL Creanduli) ellaitdon statsya0 .aox08 wrod rma9qo tus siz 

patitasi? Yo aetT .irtad to Sonstates® i4s3Ra2 iettna) d3z0h 
fexined dadot 201-880 cII 3429 epotsibowd seduss?” 

smoH bas orutiustyga .08i oth noissol idut Aosta Tea ea 
2900 ,vilorevin sga72 swol enolinzé icaden rimoe 

| 022 ntisliva oI 


ban , eivesud a | .Ttodelqiyt oA om »naatdo a? at ies 





91632 eestaivol .mobiastaumnes ienos334 088! a oe Bis 
aasleaival .$guol mothe Waolamoin® Yo ths rlezevind 
| : arse es xa al ie 
rbnalyra te qaterevintt ‘aokyas imines tenosrat i 0ge 4 ary 3 rut . 
| boekyroM su aget {oo craaton: “toemszac 
are. my mon ; ; 


7 =. if wht ys 7 
| htae: pi 
c at we: bites 
! et A Sia ae ahs a peer 7 
eA Beige Eels Ye ash lqnueh, ici wba Cae liga ess 
7. he oe 








lonunst -Rvot jnloge tbat ; @ 









1324 


158. 


159? 


160. 


ASS 


162. 


Loo. 


164. 


1OSs 


166. 


167. 


L6ya. 


168. 


169. 


1703 


ys 


145 


Stokes, Glenn. 1980. Personal communication. Director, Jefferson 
Parish Mosquito Abatement Control Center, Metairie, Louisiana. 


Stone, J. D. and L. P. Pedigo. 1972. Selected Bibliography of the 


Green Cloverworm, Plathypena scabra. Bull. Entomol. Soc. Amer. 
18:24-6. 


Suber, Frank. 1980. Extension Entomologist, Univ. of Georgia, Tifton, 
Georgia. Personal communication. 


Thompson, H. 1980. Extension Agronomist, Iowa State University, Ames, 
Iowa. Personal communication. 


Todd, J. W. 1976. Effect of Stinkbug Feeding on Soybean Seed Quality. 
pp- 611-618 in L. D. Hill, ed. World Soybean Research. Proc. 
World Soybean Res. Conf., Interstate Print., Danville, IL. 
1073 pp. 


Tollefson, J. 1980. Research Entomologist, Entomology Department, 
Iowa State Univ., Ames, Iowa. Personal communication. 


Toscano, Nick C. 1980. Letter in response to questionnaire on EPN 
usage on cotton in California. 


furmipseed.)S.aG. %1973:> Sinsects.s) p.) 545-572-dn B...E.) Caldwell, 
ed. Soybeans: Improvement, Production, and Uses. Amer. Soc. 
Agron., Madison, WI. 681 pp. 


Turnipseed, S. G. and M. Kogan. 1976. Soybean entomology. Annu. 
Rev. of Entomol. 21:25-60. 


U. S. Department of Agriculture. 1979. Agricultural Handbook Number 
554, 1979. Guidelines for the Control of Insect and Mite Pest 
of Foods, Fibers, Feeds and Ornamentals, Livestock, Forest, 
and Forest Products. 822 pp. 


Us. 5. Department of Agriculture. 1978. Agricultural Statistics. 605 pp. 
Urea Departement of Agriculture. 1979. Agricultural Statistics. 603 pp. 


U. S. Department of Agriculture. Coop. Plant Pest Report, APHIS. 
Distribution of Northern Corn Rootworm. p. 166. 


U. S. Department of Agriculture. 1977. Coop. Plant Pest Report, APHIS. 
Distribution of Western Corn Rootworm. 2:No. 10, p. 115. 


U. S. Department of Agriculture. 1979. Crop Production. Annual 
Summary Acreage, Yield, Production. 1980. Annual Crop Summary, 
Crop Reporting Board, ESCS, U. S. Department of Agriculture, 
Dp.wb—o, 10, 17. 


U. S. Department of Agriculture. 1970. Detection-New State Records. 
U. S. Department of Agriculture Coop. Econ. Insect Rep. 20:355, 


BD ice 


— 





a 


él son 
2 
a 
aan 4 
aoxieitsl ,ro3ce7rO .nokissteummms laoowret 0802 .naekd \ sale! 


BI itua!l ,atviajeM~,7etae) fertrod saseegadA otiupaat oe 














































42 


io ydqargor (dia beioaie® .S°0L .ogkbeY .F wt Bae 1. It 
206 .fomotes ffi = sma 2@ seeqyiteald errowrevold peeks: or 
«O-bS28] 


» 1U é } »,5f BIO ote. ‘Gg V j alj 6 ate yl tant in a at aastxa User ’ goa tt Pe it z 
Holjestoweras Lensitet .aketoad 

s 
i ” 7 “ 

e eV ois ’ 23632 BWOA tA haeno 4! at ero 7 xa .06e! Pe | fos ERS 


1 
rolyssiqoummn (anee7et  .awol Sa 


pe wA ntedva® om ee jintt? Yo Yos?ta afer W m i «bal 


q tote A weadyo: rem = obs iT! G .J al 8td~-iae .qaq : 

| & Pvape ..dii rt sistntesan] ,. Ines .eadt ass ‘von BLz08 7 ¥ 
oq EXOL ° 

| , JCBCTISGSY (aole oY ,Jetaofomevne dovaseot .008f tC .noetel iat 


notin bers : OL S49 sot Sor Vic) s3a28 swor = 


+, 
M2 UO srisneotteaus f ae jas3 al zezsei .08°1 .3 asltW .caesen 
-Biototi(e? at wot705 26 sseeu 7 


y . & pSiz< res a at 23 
: - Dil AOLIDVOOTT , 7S2avo ral : - eae odyoe 
Pas iia 'Ba uv sonltipat , fora A 
. - . 
. ofan 4 a sel wages .M bow «2d .2 ,. baseginy® 


~OA-F iets Lousesjal Jo .vez 


“edt Aono eit iexea2 fuw>l err n:) Bf «2? YU 4052 IBA Te Mies teqed 2 oh ; 


bast o2iM be $osenl Go lorjaod a9 Tat gant [antud evel hee - 
_ 
~iter7roeE ow wil ,dladnemenzy0 bose ebosT ,erediki .ehoot’ 46 


-qe SSS .atoubout Jasto™ base 


- -_ 
| z BOJaiIe22 latus tush ma avCi = 6.exviivetigA to Joaestaqed 42) 
| . 
| ; Cs Pee wry sos ) 
| sijvaligs2 Iesutius! iyi “Sie; -sSantluslagA to Insatreged 


| SINIA ,tyoqe2 349% anni .Hood SIusinzligA lo tromsteqed ee 
-061 .g .@zowIG04 ave gredtiod Fo wots edirsatg 7 


iP 


-GiPTA ,3tegei teed toald .gdad .vey etetleotyeA Yo agen seqed aw 
crt .q ,Of .oHi2 \orcwaeed aye)” oreske ko sotzudiz geht 


j : : ' 
imammA .wotjiouboxt qox? .OT8l. casusfur wlTgA ta sogera ys 2. 


2 oF 


















eCtseens @o7) faycak .08CL .onlioubexd -olatt eBYSSTSA | Pus 
(StuslusiagéA to Iaeortiaged .2 .Y O88 Sh ee 
7 ie ar, 
jon “y en 
-ehyeoek s3a3% wali~notoesed OVO) Praee wa 7 / ere 
(CCE 08 . gh gasank © sausk ,gqaol ee soa se 
: a ee en 
7 wee rt i — | 
bt A a _ ‘a 
rl u > ° 


7 













an) - 





| pas) 


LIS. 


174, 


LEA 


70% 


77. 


‘Lege ks 


| st 


180. 


161. 


era 


LOSS 


184. 


185. 


146 


U. S. Department of Agriculture. 1977. Dimethoate National Pesti- 
cide Information Program, State Survey. 


U. S. Department of Agriculture. 1977. Estimates of Damage by the 
European Corn Borer to Corn Grown for Grain in the United States 
in 1976. Coop. Plant Pest Rep. 2:375-376. 


U. S. Department of Agriculture. 1972. Home and Garden Bulletin No. 
190. Insects on Deciduous Fruits and Tree Nuts in the Home 
Orchard. 29 pp. 


U. S. Environmental Protection Agency, Pesticide Programs. Rebuttal 
Presumption Against Registration and Continued Registration 
of Pesticide Products Containing EPN. Federal Register 44(183): 
54384-54418, Sept. 19, 1979. 


Velsicol Chemical Corp. 1979. Exposure Monitoring of Applicators and 
Support Personnel to EPN. Chicago, Illinois. 23 pp. (Unpublished) 


Waldbauer, G. P. and M. Kogan. 1976. Bean Leaf Beetles: Phenological 
Relationship with Soybean in Illinois. Environ. Entomol. 5:35-44. 


Watbauer, G; P2¥and Mx Kogans 1976.- Bean Leaf Beetles” Bionomics 
and Economic Role in Soybean Agroecosystems. p. 619-628 in L. D. 
Hill, ed. World Soybean Research. Interstate Printers, Danville, 
PUES 10/370. 


Waldron, Acie. 1980. Personal communication. Ohio State University, 
Pesticide Chemicals, Columbus, Ohio. 


Waldron, A. C. and R. L. Curtner. 1980. Personal communication. 
Ohio Agricultural Research and Development Center, Agronomy 
Department, Wooster, Ohio. 


Ware, George T., Jr. 1980. Personal Communication re EPN usage in 
Arizona. 


Ware, G. W. 1980. Unpublished data. 


Ware, Gr WD. P. Morgan, 5. J. Estesen, and W. P. Cahill. 1974. 
Establishment of Reentry Intervals for Organophosphate-Treated 
Cotton Fields Based on Human Data II. Azodrin, Ethyl and Methyl 
Parathion. Arch. Environ. Contam. Toxicol. 2(2):117-129. 


Wale,uo. Wo)D. P. Morgan, B&B. J. Esteésen, and W. P. Cahill. 1975. 
Establishment of Reentry Intervals for Organophosphate-Treated 
Cotton Fields Based on Human Data III. 12 to 72 Hours Post- 
Treatment Exposure to Monocrotophos, ethyl- and methyl-parathion, 
Arch. Environ. Contam. Toxicol. 3(3):289-306. 


Wedberg, J., Extension Entomologist, Entomology Department, University 
of Wisconsin, Madison, Wisconsin. Personal communication. 



































Aa 
| aot Iano isa sonedzemi@ (fC onerinodeeA Fe dase aed 
| ~ verve steoté ,anagord foltaasoial ohio - 
| 7 
{ spade 20 aogamiied | TT? Sts ivaltsA %to- rome 7eqed a 
te oft ak ole) yak poor? aval of Senedd avoo agaqusn ae 
| ; -OS7-*Tlr€ oad seuet sealT .qocd evel af 


.oM mitefled mebaad brs smo sSTOY joeeedendegA bo pasmsaeqed 18) 





peo ols’ al ‘ol 999T bnew pitoz? s orbikoad a0 Wissent § .06! 
qq @f .dbvedoz0 
; b) 
| nda 1 *) ltest ,yvonegA nek’ oasoay leapenmnosivad .¢é 
ttessetoof beuntgan) les eolite ‘go% SentggA voltomuassd 
6{€ MS eek feushoet M43 sulectevne) atoubers shisl' i3e°. 7 
C.Ol .@f .gue® . lear ae. - 
mw e1odsotluaqé gre lt werd Seve waco ov Tre) lectreadd loblele} | 7 
ae egy? ot vhirg kth) wh xt Was of [enarerst Jsoqque 


K Yen scot . #58) .aegod .M bas .S oD ote edb aM 


phar, imoesu" .sorient aiomlifit mt maedvoe dviw gidaro tated 
7 
coimenole inaligat pawl 4 Tel .negod .M bre .* od sevediall 
Lf at 820-07 q anne 4 our nsodvoe of slo atmonood Sas 
8 wet ,grsiais4 SInwarteze —fovaseah anedve2 bis0oW be , 2a c 


.g@ tvor i 


g .cHel SrA ,nOoThe 
faolwaria sbloizesS) 253 


ni’ ag6te off80 .o23e0tninmmos Tene 


| viievayv ’ 
| sin ,aediw ta ye. 





a 

| sfolteotmeamus tacowve PD | yan2TtO .. .3 bos .D .A ,aoebiae 
yrocerA , T3162 dranqoloved bus dorsseeA Lesvutluctred obfd 

\old0 ,veIR0oW , taausdteqsd 


ah. ur WMS o folysokaumead teanc@yel .0801. val, e syeesd Va 
MAOSLTA 
_ 


pit a 
-6ia8b bedetideqan? .088f wv 2) ,otsW 
3 7 5 > 7 
A Lftin) .¢ .W brs ,nseada? .t 4 ,segxeot «2 1.0 . WD coe 
ws ondT~ssadgaecyoungi0 “0? Rlevisial yxansed 36 sreméalidsial 7 


io bie ivddt .atybosA .IF @tad vam do Seeel ablsl? nosed “aj 
PSPeTIISCL)8 = .foobeal .medno) |. norkvedl, dosh nordsaaal< i . 


eva ‘ities .7 .W bes (asepial .0 .@ ynay vot 2€ o0 AD oe 
belnarl -2edquodqonsg 70 16] alayvresnl: yajnseh Yo pronation: no 
“Joot exvuoH Sv oF SI ITT wand’ momo Go boagé abfett- ood 

itive taq-lyes om 08 -fLydae ,addgosoxsenoM og amu dane 
 BOEHHBS 2 (E DE lontxo? .siega0d srotdvat Pu 


Vilazye ind + *neerateqed yaolomojat areata 
POLI Bek tees mig ai rene 





186. 


187. 


188. 


139. 


190. 


oie 


Lo2e 


1B )ohe 


147 


Weidhaas, Donald. 1980. Personal communication. U. S. Department 
of Agriculture, Laboratory Director, Insect Attractants and 


Biological Research Laboratory, University of Florida, Gaines- 
ville, Florida. 


Weiss, C. M. and J. H. Gakstatter. 1964. The Decay of Anticholines- 
terase Activity of Organic Phosphorus Insecticides on Storage 
in Waters of Different pH. In Proceedings of Second International 
Water Pollution Research Conf., Tokyo, 1964. Pergamon Pres, 
New York, 1965, pp. 83-95. 


Wellik, J. M. and L. P. Pedigo. 1978. Innate Capacity of Increase 
and Ovipositional Pattern of the Green Cloverworm. Environ. 
Entomol. 7:171-77. 


Whitcomb, W. H. and K. Bell. 1964. Predaceous Insects, Spiders, and 
Mites of Arkansas Cotton Fields. Ark. Agr. Exp. Sta. Bul. 690. 


Wisner, Robert. 1980. Extension Economist, Iowa State University, 
Ames, Iowa. Personal communication. (He adjusted 1977 and 
1978 price, and gave me latest estimate for the 1979 DLices) 


Witter, R. F. and T. B. Gaines. 1963. Relationship Between Depression 
of Brain or Plasma Cholinesterase and Paralysis in Chickens 
caused by Certain Organic Phosphorus Compounds. Biochem. Pharmacol. 
122137 /7—1386. 


Womeldorf, D., P. Gillies, and K. White. 1972. Insecticide Suscepti- 
bility in California: Illustrated Distribution of Organophorus 
Resistance in Larval Aedes nigromaculis and Culex tarsalis. 
Proc. Paper, 40th Annual Conference, California Mosquito Control 
Association. 40:17-21. 





Wyman, Jeffrey. 1980. Personal communication. University of Wis- 
consin, Department of Entomology, Madison, Wisconsin. 


toveres Incceyet G84 16s 
Wolomognd 34 Jase Teged, 


Ja5sid yiolteradal ,wiediugs 


stiaulit salcrothiad Ne CF: 
tnic s0hskA Layrad al esoad 


Vad 































anoavsd O8@( Bia 


+93 dal downened featgo. < 
.chiwoll ail 


stintedso> .4 .6 Bre ree 

off alaeatt Ja yalwiaoA ei) ; 
ei Hq juesel1i9 30 areteW a 
Pra) otaaesH “Hot sulio® tedaW 
2-£% .qq ,<GUl ,AgeT ay 
-osthbs? .4 .J Gam ether 
ieite% Ianolsalsce hee 7 


T-IClet iT 


+ ti a «A brs | * « 


2 wos 'O). soumedye lt: 





43 ooleagaiva NBel “ dtodak _s 
ar nV) Lotons=1 wot a 
IPw3ajIL,4 |& VER wie , ort evel 


_ 
pontn) .f& ~at. bee .. ta ae 33 
i 8 


stvuntiow®) acealtd to atase 
ht a2 i nieisad vd ba 3, 
.O8€1-S02E 


{ > | b & astil An «@ er 


nod Lament a exeqed 
ASn(1 508, nok saboe, 
rte si 





WAL 


102225 





0 


i 


1022253949 


ty ne 





